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Introduction

All new tactical vehicles and aircraft are required to be
evaluated for potential whole-body vibration (WBV) health hazards
to their crevmembers. This - *3uirement is contained in AR 40-10,
"Health hazard assessment program in support of the Army materiel
acquisition decision process." In support of this program, the
U.S. Army Aeromedical Research Laboratory (USAARL) was requested
by the U.S. Army Environmental Hygiene Agency (USAEHA) to perform
a Health Hazard Assessment (HHA) on the Palletized Load System
(PLS) Truck.*

The PLS, shown in Figure 1, is a family of all wheel drive
(1XlO) vehicles and trailers that are equipped with material
handling equipment. The PLS vehicles are designated as follows:
the M1074 truck (with a crane), th, M1075 truck (without a
crane), the M1076 trailer and the M1077 flatrack. The PLS is
capable of attaining a maximum speed of 90.1 km/h and has a range
of 362 km.

Figure 1. Palletized Load System Truck.

* See list of manufacturers.
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The PLS truck is a Kenworth diesel tractor with a stakeben
body equipped with the M1077 cargo "flat'ack" in lieu of a fixed
truck bed. The trucks have a Load capacity of 16.5 tons of
payloai mounted on the flatrack; the truc.k also can tow an MI0776
trailer loaded with an additional 16.5 tons of flatrack cargo.
ThL flatrack can be lowered to the ground behind the ,,ehicle I--
the driver in the cab using a unique hydraulic system which
allows a 16.5-ton flatrack to be loaded or unloaded from the cab
in less than 1 minute.

The unique loading/unloading capabilities of the PLS
provide a significant reduction in the time required for the
issue of cargo. Because of this capability, PLS venicles a.:e
employed by artillery transportation units for the supply and
resupply of ammunition. As such, the PLS will be employed
primarily over cross-country terrain, where vehicle load, speed,
and terrain define the conditions for measuring WBV signatures.

The methods for measuring and analyzing WBV are found in the
International Organization for Standardization's (ISO) guideline
entitled "Guide for the evaluation of human exposure to whole-
body vibration (ISO 2631)." ISO 2631 is reflected in MIL-STD-
1472D, "Human engineering design criteria for military systems,
equipment and facilities." The relative severity of the pro-

Codes (RAC) found in AR 40-10. Th-se publications, as a set,
define the criteria used in evalua, .g the WBV signatures of the
PLS.

ISO 2631 identifies three criteria for the evaluation of
human exposure to WBV which can be described in terms of inten-
sity, frequency, direction, and duration. These criteria are the
preservation of comfort, the preservation of working efficiency,
and the preservation of health or safety. They are known for-
mally as the reduced comfort boundary (RCB), fatigue-decreased
proficiency boundary (FDPB), and the exposure limit (EL),
respectively.

The RACs, as described in Appendix B of AR 40-10, require
the classification of a health hazard according to its severity
and probability. Processing vibration signatures using ISO-2631
results in measurements of vibration severity, but does not yield
a measure of the probability of occurrence. RACs are obtained by
combining vioration severity with the probability that the test
condition will occur in a real life scenario. For vibration,
RACs would be determined for each vibration amplitude for each
direction and frequency.
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Methods

Wliole-body vibration data for the PLS truck were collected
at Aberdeen Proving Ground (APG), Macyland, by Waterways
Exr riment Station (WES) in coordination with the U.S. Army
Coit_.at Systems Test Activity (USACSTA) and then sent to the
Response and Tolerance Branch of USAARL for evaluation. A test
matrix was developed that represented the planned operating
environment of the PLS truck with respect to terrain type and
vehicle speed (Table 1).

Experimental conditions

The PLS truck waL tested over five cross-country test
courses in a loaded configuration for 177 assessment. These
courses are part of the APG tes'L track facilities. Paved road
terrains were not testeu since the WBV tolerance results
typically are higher than those of cross-country terrains. Exact
characterizations )f the croLss country-surfaces can be obtained
from APG (U.S. Army Human Engineering Laboratory, 1991).

Table 1.

Test .. 3tr'x for W1V testing of the PLS truuQ.

Cross-country

Speed Course Course Course Course Course
(mph) #1 #2 #3 #4 #5

3 X

-.4- __ _X__

x . .. x x x -x__ _

135 X X
1 X
8 X
9 X

15 X x X x
13 x x x

].4 ii x ___ _ ___ _ _15 xx

20 x ___
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The PLS truck was tested using vehicle speeds ranging from 3
to 20 mph. Specific vehicle speeds were selected to mirror
likely employment scenarios for each cross-country terrain test
track. On course 1, the PLS truck was tasted at five speeds: 5,
10, 13, 14, and 15 mph. Course 2 test speeds were 5, 10, and 13
mph. On the third course, the PLS was tested at five speeds: 5,
10, 15, 18, and 20 mph. Test speeds were 5, 8, 9, 10, and 13 mph
on the fourth course. Finally, the PLS was tested on course 5 at
3, 5, 6, and 7 mph.

Instrumentation

Seat accelerations were obtained in the Z-.axis (vertical)
for the driver and passenger seats of the PIS using the WES
hybrid ride meter. The ride meter captured acceleracion signals
using a microprocessor controlled analog-to-diaital (A/D)
converter, digital input/output controller, and memory. This
system was connected to four Z-axis aligned accelerometers with
two of the accelerometers fixed to the passenger and driver seat
pads, and two of the accelerometers fixed to tae M1 hull
underneath each seat. The accelerometer signals were weighted
and integrated by the WES hybrid ride meter and tnen digitized by
the A/D converter. Processed data was stored in digital format
on an IBM lap-top computer. A more detailed characterization of
the instrumentation (U.S. Army Corps of Engineers. 1987) can be
obtained from Instruinentation Services Tlivision, Waterways
Experiment Station, Vicksburg, Mississ jpi 39180-0631.

Analysis

Single-axis seat pad vibration data were processed using the
methods prescribed in ISO 2631 for broadband signals using third-
octave analysis with weighting. Digitized acceleration signals
from the z-axis from both the driver and passenger seat pad
accelerometers were read into a Dolch* model 486 portable
computer. A USAARL-developed automated analysis program was used
to produce tabular and graphic plots of the acceleration data.
These plots (Appendix B) were used to identify vibration exposure
limits which occurred under projected normal daily operating
conditions.

The RACs require classification of the health hazard
according to the hazard severity and probability. Since the ISO
2631 standard does not use RACs, the severity of the hazard may
be reasonably estimated from worst-case exposure before the onset
of ELs for each vibration frequency and direction. An indicator
which may be used for the assessment of hazard severity is the
duration of safe exposure (DSE). The DSE is defined as the
length of time a person can be exposed to WBV before reaching the
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health and safety exposure limit (F{SEL). Thus, a long DSE
indicates tolerable WBV, whereas a short DSE indicates severe
WBV. In order to translate the DSEs to RACs, Table 2 was used to
define the category (I-IV) of exposure.

Table 2.

Hazard severity classification.

Attribute Category WBV duration of safe exposure

Catastrophic I Less than 5 minutes

Critical II Between 5 and 30 minutes

Marginal III Between 30 minutes and 4 hours

Negligible IV More than 4 hours

Hazard severity categories are defined as:

Category I - Catastrophic: Hazard may cause death or
total loss of a bodily system.

Category II - Critical: Hazard may cause severe bodily
injury, severe occupational illness, or major
damage to a bodily system.

Category III- Marginal: Hazard may cause minor bodily
injury, minor occupational illness, or minor
damage to a bodily system.

Category IV - Negligible: Hazard would cause less than
minor bodily injury, minor occupational
illness, or minor bodily system damage.

The operational environments of the PLS truck determine the
likelihood of occurrence, or probability level, of exposure to
WBV. These levels, identified as levels A through E in AR 40-10,
with their corresponding operating conditions relevant to the WBV
signatures in the PLS truck, are listed in Table 3.

Operating the PLS over cross-country terrains represents the
primary portion of its mission, therefore, each cross-country
course was assigned a hazard probability level according to the
likelihood of actual occurrence. The assignment of the levels
was based on the severity of the track terrain and the range of
test speeds. The PLS was tested only for its primary operating

7



scenario (cross-country) with no other terrair. considrred in the
final determination of RAC.

Table 3.

Hazard nrobabilitv classificaticn.

Attribute Level Road/terrain type, operating speed

Frequent A Cross-country, course 3, 5-15 mph; co'irse
1, 5 mph and under

Probable B Crc -- country, course 1, 10-13 mph;
coY: ;e 2, 5-13 mph; course 4, 5-10 mph;

Occasional C Cro. -country, course 1, 14-15 mph;

course 3, 18-20 mph; course 4, 13 mph

Remote D Cross-country, course 5, 5-7 mph

Improbable E Conditions not likely to occur

Hazard severity categories and levels used to find the
RACs for each test condition. Using Table 4, the RACs are found
at the intersection of the hazard category anu hazard probability
level. The overall RAC is then determined by weighting the
individual RACs according to the percent of mission time
represented by the test run, and then averaging and rounding to
produce a final RAC.

Table 4.

PRAC determinaiion.

Hazard Hazard probability levels
category A n3C D I E

I 1 1 1 2 3

II 1 1 2 3 4

III 2 3 3 4 5

IV 3 5  5 5 _5__
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Results

The duration of exposure (in hours) necessary to reach the
HSEL was calculated for all 46 data sets for Z-axis acceleration.
Since the PLS truck mission requires 10 hours of operation over
cross-country terrain, the exposure times of less than 10 hours
were flagged for assessment.

The RAC categories and levels for each test course were
determined using Tables 2 and 3. The hazard categories and
hazard probability levels were combined for each test condition
using Table 4. The resulting data are shown in Tables 5 and 6
for driver and passenger, respectively. These results are listed
in order of DSE for each test condition. The DSE is determined
from the time required to reach the HSEL (Appendix B) according
to ISO-2631. The RAC is a measure of the hazard severity of the
test condition and is based on the DSE, course terrain, and
speed.

The worst-case exposure limits for the cross-country testcourses were determined from each test's lowest DSE. The worst
case DSEs for course 1 indicate that exposure to WBV be liimited
to 2.1 hours. Course 2 exposure time is limited to 4 hours of
WBV. The exposure limit for WBV for course 3 was determined to
b^ 2 hours-. ""V exposure is ljkiitu to no more than 2.2t) hours
for course 4. Finally, the exposu,'e limit for course 5 indicates
that WBV exposure be restricted to 1.4 hours.

The DlEs below 10 hours ranged from a low of 1.433 and 1.6
hours and a high of 9.4 and 8.767 hours for driver and passenger,
respectively. The hazacd severity was assigned to each rondition
' according to the DSE. These categories consistently were either
marginal. or negligible for both passenger and driver. With the
combination of marginal or negligible hazard severity and
exposure probabilities ranging from A to E, the RACs were
calculated to be predominantly 3s and 5s for both driver and
passenger.

As can be seen from Tables 5 and 6, the majority of the
frequencies at which the exposure limits were reached were at 2
Hz. In the case of the driver's seat, approximately 82 percent
of the HSELs that were below 10 hours occurred at a frequency of
2 Hz, which is outside the range ot whole-body resonance
frequencies (4 to 8 Hz). About 18 percent of the HSELs below 10
hours for the driver's seat occurred at the edge of whole-bodyr
resonance at 4 Hz. This pattern was similar for the passenger's
seat with approximately 78 percent of HSELs below 10 hours
occurring at 2 Hz and about 11 percent occurring at 4 Hz.

9
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Discussion

For the worst-case scenario for each test course, WBV
exposure tolerances were lowest for cross-country course 5, with
limits of 1.433 and 1.6 hours for driver and passenger,
respectively. Courses 1 and 3 had near equal tolerances with
course 1 limited to 2.1 hours for the driver and 2.2 hours for
the passenger, and course 3 being limited to 2 and 2.1 hours for
driver and passenger, respectively. Courses 1 and 3 were
followed by course 4 with driver and passenger WBV tolerances of
2.25 and 2.8 hours, respectively. Course 2 had the highest
tolerance with 4 and 3.8 hours for driver and passenger,
respectively.

Comparison of the exposure limits for passenger alud driver
shows that the differences were slight, indicating that seating
position had little effect on WBV exposure fo: the cross-country
terrain. Also, the majority of the exposure limits for both
passenger and driver occurred at a frequency of 2 Hz. This
indicates that WBV does not present a significant health risk to
the passenger and driver where WBV resonance is concerned because
the frequency lies outside of the WBV resonance range (4 to 8
Hz). Another indication that the PLS does not pose a significant
risk to the crewmembers is the combination ot the hazard
categories and the hazard probability levels. This combination
resulted in RACs of 3s and 5s which signifies that WBV exposure
is in the mid-to-low range of probability and severity.

Conclusion

Results from this WBV HHA indicate both driver and passenger
were exposed to a hazard severity-category III (marginal), with a
Hazard Probability-level C (occasional), for an overall RAC of 3
(AR 40-10), during the operation of the PLS. This indicates that

WBV in the tested PLS truck does not present a significant health
risk to its crewmembers. However, it is recommended that, under
normal operating conditions of the PLS, WBV exposure be limited
to 4 hours in any 24-hour period.
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Appendix A.

List of manufacturers.

Hewlett-Packard Company
4700 Baylou Boulevard
Pensacola, FL 32502

Larson-Davis Laboratories
280 South Main
Pleasant Grove, UT 84062

Oshkosh Truck Corporation
PO Box 2566
Oshkosh, WI 54903

TEAC Corporation of America
7733 Telegraph Road
Montebello, CA 90640
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Appendix B.

ISO 2631 tables and graphs.
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USAARL summary of analysis
per ISO-2631* guideline on RUN02 P-seat
whole-body vibration (WBV)

17-MAY-94 13:18:47

Sensor .... P-seat
Course .... #3 APG, 0-500 feet
Speed ..... 5 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... .HHA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limnits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 0.6100 0.4313 0:44 5:11 13:12
3.17 0.2300 0.2048 2:49 14:11 32:45
4.00 0.1300 0.1300 5:33 24:47 54:36
1,00 0.2600 0.1300 5:33 24:47 54:36
6.35 0.1i00 0.1200 6:13 27:15 59:45

" riternational SLandards Organization ISO 2631: Comfor ... Reiuccd comfort boundary

Fatigue ... F'atigu?-dccreased proficiency boundary

Health -- c Health and nafety exposure !trnit

16



HSEL: Health enj safety exposu' limit X: Longitudinal N -02 P-seat
FDPB: Fatigue-decreased pruficiency boundary Y: Transverse

RC8: Roduced comfort boundary
FIMS: Vibration MS. acceleratio (m•s2l . Vn'tca, May 19, 1992 PLS truck

Exposure: 10h Om RCB

FIZlS FMS IFOPB r - rT_
X 0.00/0.191

1.00 Y o.oo10.131
Z 0-26/0.536 ... . .... :

X 0.001/0191
1.26 Y o.oo/o191

Z 0.0310.477

X 0.00/0.191
1.59 Y .00 /0.191

Z 0.0910.425

X 0.0010.1912.00 Y o-oolo-191
Z 0 61 / 0.379 •K.:

X O.0D 0.241

2.52 Y 0.0o/0241
Z 0.10/0.338

"X 0.001 0.303
3.17 Y 0.00 0.303

2 0.23/0.301 -. " -,

X 0.00/0.383
4.00 Y 0.00 0/33

Z 0.13/0-268 A,

X 0.0010.482
5.04 Y 0.00/0482

Z 0.06/0.218

X 0.00/0.608
6.35 Y o00/o06o8

Z 0.12/0-269 .. . . ...

X 0.00/0760

7.94 " o0 /•.760
Z 0.09 10.268 . .. .... . ....

X 0,00 / 0.957
10.00 Y (.00/0.957

Z u.08 /0.335 .. i ..... .... ... ..

X 0.00/1.206
1 '.30 Y 0.00/1.206

2 0.08 1 0.4.22

X 00/1.019l.7Y 0.0 /o•;
0 0.08 / 0.531

X 0.00/1.914
20.C0 Y o0D1.9 14

Z O.G9 0.670

X 0.00/2.41125.20 Y 000/2o41
Z O15'0. 4-44

X 000/3038
31.75 Y 000,3.038

Z 0.08 / 1 063

X 0.00 / 3.827
43.00 Y o0 0/3.827

Z 0 08 i 1.340

X 0.00/4.823

50.40 Y ooo04.,32
Z 0.08/1 688

X 0.00/0.076
63.50 .o 0.00/.076

Z 0.04/2.127

0.1 1.0 RMS/FDPB ratio 10.
-- _ -i w l i - -- j I I I

17-MAY-94 13:18 47 | --T Tl- -1vt -r-'-T-- v-Tr lt -1T --- V -1-r-- -

-20 -10 0 (deciBels) 1 20

Course: #3 APG, 0-500 feet
Speed: 5 mph
Note: H-A of PLS truck, passenger (seat)

17



USAARL summary of analysis
per ISO-2631* guideline on RUN-02 D-seat
whole-body vibration (WBV)

17-MAY-94 13:]8:47

Sensor .... D-seat
Course .... #3 APG, 0-500 feet
Speed ..... 5 mph

j Vehicle... PLS t uck
Date ...... .May 19, 1992
Note ...... .. HA of PLS truck, driver (seat)

Tnird-octave lands with greatest Durations of WBV exposure
r weighted Pe•., accelerations (m/s2) before reaching ISO limits*(given in hours:mrinutes)

X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Tran3verse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 0.6700 0.4738 0:36 4:31 11:42
3.17 0.1800 0.1602 4:05 19:15 43:17
4.00 0.1400 0.1400 5:00 22:40 50:21
1.00 0.2700 0.1350 5:16 23:40 52:30
7.94 0.1200 0.1200 6:13 27:15 59:45

"Intnrnational Standards Organizatron ISO 2631: Comfort R Reduced comLom t boundary

Fatigue ... Fatigue-decreased proficiency boundary
Health .. flealth and safety exposure Iimit
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HSEL: H,,,h ant, , safety ,x0osure limit X: LongitudinaliRU N -0 D -set
FDPB: Fatigite-decreaosd otohcioncy boundary Y Tmnsvesa R 0 D-seat

RCB: Reduced comfort houndary
RMS: Vibration R.M.S. accoleration (m/s2! Z Vortic.l May 19. 1992 PLS truuk

Exposure: 1Oh Om RCB FDPB HSEL

k (H z ) R M ,F P B / 'T-
X 0.00 /0.191

1.00 Y 0.00/0.191
Z 0.27/0.536

X 0.00/0.191
1.26 y o.oo/o0.91

Z 0.03 1 .477

X 0.00/0.191

1.59 Y .o00/0.191
Z 0.10 / 0.4T5 "

X O.O0 0.".91
2.00 Y ooo/o.191

Z 0.67/0-379

X G.00 / 0.241

2.52 Y 0.0010241
Z 0.09/0.338

X 0.00/0.303
3.17 V 0.00 / 0.303

Z 0.18/0.301

X 0.00/0-383
4.00 Y 0.00/0.383

Z 0.14 /0.268

X 0.00/0.4a2
5.04 Y 0.00/0.482

Z 0.10/0.268

X 0.00/0.608

6.35 V 0.00 0 o 6C5
Z 0.12 /0.266

A U UU I U ibr

7.94 V 000o1o160
Z 0.12 /0268

X 0.00 / 0.957
10.00 Y 0o0010957

Z 0.09 /0.335

X 0.00/ 1.206
12.60 Y 0,00/1206

Z 0.07/0.422 ......

X 0.00/1.519

15.87 Y 0.00/1.519
L 010/0.531

X 000/1.91420.00 Y O0.00/1.14

2 0.08 /0.670

X 000/2.411
25.20 Y 0.0012.411

Z 0.16/'0.8444

X 0.00/3.03831.75 Y o.oo 3.038
Z 0.08 /1.063

X 0.00/3.82740.00 Y 0.00/ 3.1327
Z 0-07 /1.340

;0L00 014.823
50.40 Y 0.00/4.823

Z 0.08 / 1.688

X 00016076
63.50 Y 000/6076

Z 0.04 / 2.127

0.1 1.0 RMS/FDPB ratio 10.

1.7 -MAY 94 13:18:47 - -- t f-m 7 - .-I .- ,- ---- - -

-20 -10 0 (deciBels) 10 20

Course: #f3 APG, 0-500 feet
Speed: 5 mph
Note: HHA of PLS truck, driver (seat)
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USAARL summary of analysis
per ISO-2631* guideline on FRUN-03 P-SEAT
whole-body vibration (WBV)

17-MAY-94 13:18;47

Sensor .... P-SEAT
Course .... #3 APG
Speed ..... 10 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... HHA of PLS truck, passenger

Third-octave bands with greater Durations of WBV expcsuie
weighted RMS acceerations (m/s before reaching ISO limits*

(given in hours:minutes)
X. Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:0 0:01
50.40 0.0000 0.0000 0.01 0:01 0:01
40.00 0.0000 0.0000 0:01 0.01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0'01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z; Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 0.5900 0.4172 0:47 5:26 13:48
1.00 0.5100 0.2550 2:00 10:41 25:17
4.00 0.2500 0.2500 2:03 10:57 25:52
3.17 0.23r0 0.2048 2:49 14:11 32:45
6.35 0.1900 0.1900 3:11 15:34 35:41

n.tcrnational Standavds Organization ISO 2631; Comfort ... Reduced comfort boundary

FaLigue ... Fatigue-decrease pruficiency boundary

Health .. Health and satety exposure limit

-0



HSEL: Health and seafety exposure limit X: Longltudinzl RUN|03 P-SEAT
FDPB: Fatiguoedecreased prolciericy boundary Y. Transverse

RCB: Reduced comfort boundary
RMS: Vibration R.M-S. acceleration fm/s2) Z Vertical May 1 9. 1 992 PLS truck

Exposure: 1Oh Om RC8 :DPB HSEl
k -- .: :. " " -: - " . " : . •'.:::> ii~~~..... .: ..:.:.. .. !:~ ~~i;: .!::$ •i•: ;::.::K : ''... ... ' - . .

(Hz) RMS /FDPB I -jj. A ._JL. .LA.LL ____L.LLL -. -- I....

X 0.00/0.191
1.00 V 0.00/0.191

Z 0 .5 1 /0 .5 36 .. .. ............ ...........

X 0.00/0.191

1.26 ooo010010.191
Z 0.051 0.477

X 0.00/0.191
1.59 Y o.oo/o 191

Z 0.09 / 0.425

X 0.00/0.191
2.f00 Y 000/0.191

Z 0.59 / U.379

X 0.00 10.241

2.52 V 0.00/0.241
Z 0.11 /0.338

X 0.00/0.303
3.17 Y o.00;0.303

Z 0.23 /0.301 . .......

X 0.00/0.383
4.00 V 000/0.383

Z 0.25/0.268 ... .: :.:

X 0.00/0-482

5.04 Y 0.00/0.482
Z 0.11 /0.268

X 0.00/0.608

6.35 Y o.oo/o6o0
Z 0.19 10.268 : . .....:: :

X 0')0/0.760
7.94 Y 0.00/0.7607. 0 • 3 .2GG3 --- .. . - : : . : ::: . ......:::<:::::

X 0.00 /0-957
10.00 Y 000/0.-57

Z 0.08/0.335

X 0.00/1.206

12.60 Y 0001.206
Z 0.16 10.422

X 0.001/1.51$

15.87 Y o.oo/1.519
Z 0.20/0.531

X 0.00/1.914

20.00 v 0.00 / 1.914
Z 0.10/0.670

X 0.00/2.411

25.20 V 000/2.411
z 0.09/0.844

X 0.00 / 3.GC,8
31.75 Y o.oo/3c:ie

Z 0.09/ 1063

X 0.00 3.827

40.00 V 000 /3.827
Z 0.09/1.340

X 0.00 / 4.823

50.40 0.00 /4.82A
Z 0.07/1.688

X 0-00/6.076

63.50 v 0.00/6.076
Z 0.05/2.127

0.1 1.0 RMS/FDPB ratio 10.

17-MAY-!34 13:18:47 I f-- -r -- r r --- s-- -"- 1- - -- -- - -r -- --- r--

-20 -10 0 (dociBels) 10 20

Course: #3 APG
Speed. 10 mph
Note: HI-{A of PLS truck, passenger
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USAARL sunmary of analysis
per ISO-2631* guideline on RUN-03
whole-body vibration (WBV)

17-MAY-94 13:10:47

Sensor .... D-SEAT
Course .... #3 APG
Speed ..... 10 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... HHA of PLS truck, driver

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:0l 0:01
25.23 0.0000 0.0000 0:01 0:01 0:01.

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HliALTH

2.00 0.6200 0.4384 0:42 5:03 12:56
4.00 0.3400 0.3400 1:13 7:15 17:50
3.17 0.3600 0.3205 1:21 7:52 19:10
1.00 0.5600 0.2800 1:42 9:26 22:37
6.35 0.2300 0.2300 2:20 12:12 28:32

International Standards Organization ISO 2631: Comfort ... Reduced comfort boundary

Fatigue ... ratigue-decreaeed proficiency boundary

Heýalth ... Health and safety exposure limit
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HSEL: Health and safety exposure li.,it X Long tud,oal RUN-03 D-SEAT
FDPB: Fatigue-decreased proftciency boundary Y: Transverse R D-"EAI

RCB: Reduced com 'ort boundary
RMS: Vibration R.M.S. acceleration (T.Is2) Z: Vert,cal May 19, 1992 PI.S truck

Exposure: 10h Om IRCB IFDPB3 HSEL

(Hz) RsIroS /FOPSIJi~ ,

X 0.00/0.191
1.00 Y o.000/.191

Z 0.56 /0.536 ::. :

X 0.00 0/.1911.26 "Y 0001/0 19
Z C.05 /0.477

X 0.00/0.191
1.59 .0o0 o/o191

7Z 0.09/0.425

X 0.00/0.191
2.00 Y 0.00 1o '91

Z 0 .6 2 :0 .379 ........ ................ . ... ......

X 0.0 10.241
2.52 v o.0 /0241

Z 0.15/ O.38

X C.000/.303

3.17 V 0.00/O.3C3
Z 0 .36 /0 .30 1 .- ....::.... ...... .. . ..... .

X 0.00/0.383
4.00 v 0.000.363

Z 0.34 10.268

X 0.00/10482
5.04 Y 0.00 •0482

Z 0.18 /0.268

X 0.0010608

6.35 Y .o •/0608
Z 0.23 1 0.268

9 0-0O0 7co

7.94 Y 0.00,'0.760
Z 0.14 / 0.268 :. ...

X 0.00!0957
10.00 V 0.0010.957

Z 0.1010.335

X 0.00/1.206

12.60 0.00/ 1.206
Z 0.18 10 422

X 0.00 / 1.615
15.87 y 0.001519

Z 0.21 10.531

X 0.00/1.914
20.00 V 0.00/•914

Z 0.10/0.670

X 0.00/2.411
25.20 Y 0.00/2.411

Z 0.10/0.844

X 0.0 / 3.038

31.75 Y 0.00/3.038
Z 0.10/1.063

X 0.00 / 3.827
40.00 V 0.00 /3 827

7 0.08 / 1.340

X 0.00 / 4.823
50.40 Y 000/4.823

Z U.07 / 1 688

X 0.00/6.076
63.50 V 0.00/6-076

Z 0.05/2.127

0.1 1.0 RHIS/FDPB ratio 10.

17-MAY.-I4 13:18:47 - --t17 -r----- -- r---r------ -T--t - 1 -T----r---1"r ---T -r--r-- " -"

-20 -10 0 (doJ ciB1ts) 10 20

Course: #3 APG
Speed: 10 mph
Note: HHA of PLS truck, driver

23



USAARL summary of analysis
per ISO-2631* guideline on RUN-05 P-seat
whole-body vibration (WBV)

l'7-MAI - 9; 13 18 48

Sensor.... P-seat
Course .... #3 APG
Speed ..... 15 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... HHA of PLS truck, passenger (seat)

Third-octave bancs with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:02

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01. 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

4.00 0.5900 0.5900 0:20 3:15 8:45
2.00 0.7400 0.5233 0:30 3:55 10"18
3.17 0.4400 0.3917 0:53 5:56 14:56
1.00 0.7500 0.3750 0:59 6:20 1-5:48
5.04 0.3100 0.3100 1:25 8:12 20:00

" International Standards Organizo, ion ISO 2631 Cumfurt . Roduccd cofulot boundary

Fatiyue FaLigue-deccaacd prof ciency boundary

Health .lcalth and safcty exposure limit
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-SL.: Health and safety exposure l... t .,: o.,.lnal RU N-05 P-seat
FDOP: Fatigue-decreased oroficiency boundary Y- Tra:svorsa

RCB: Reduced comfort boundary
RMS: Vbration r M.S acceleoaeton (lwt2) : May 19, 1992 PLS truck

Exposure: 10h Om RCB IFDPB IJHSEL
(Hz) HMS / FDPR L....I __ - _ _77 -L--1_---

X 0.00 iO.191
1.00 Y 000o 1 0• .91

Z 0.7b 0.53 - .

X 0.0010.1911.26 Y o0o0119i
Z .006 10.477

X 0.0010.191
1.59 V 00010 191

Z 0.11 10.425

X 0.00 f 0 191

2.00 Y 0.00 /191 9 1
Z 0.74 10.379

X 0.00 1 0.2.'.1
2.52 Y 0ooo ..1 1

2 0.19 /0.338

X O00 /0303
3.17 y 0 oo,0.3o3

Z 04410.301 X. • *2 -

X 0.00/0.383
4.00 V 0. 00383

Z 0.59 10268

X 0 00/0.482
5.04 V 000o/o048 2

2 0.21. /0.268 MW

X 0.00/0.608

6.35 V 0 00/o608
Z 0.20 /0.268 ....

Y UU/.lU /bU
7.94 Y 0000•760

2 0 20 0.288 7.:-..

X 00/0.957
10.00 Y 0.00 0957

Z 0.12/30.335 ':: .: . " " '

" 000/1.206

12.60 ' 000/ 1.206
Z 0'5/0422 2' .

X 0.00/1.619
15.87 Y 000,1.519

2 0.18 / 0.531 : ::: : .:.

X 0.00/1914
20.00 Y 0.00 / I.914

Z 017/0070

X O0 /12.411

25.20 Y 000/2.411
Z 0.12/0-844

X 0.00 /3.03b
31.75 V 000/3.038

Z 0.11 /1.063

X 00o/3827
40.00 Y 00 1o3.827

Z 0.08 / 1.340

X2 0.00 / 4.823
50.40 V 0.00/4.623

Z 0.08 /1 I te

X 000/U 076
33.50 Y U001 o L70

2 0 08 2.127

0.1 1.0 RMS/FF)PB rattu 10.

17 MAY !4 13"18.48 f " -" -- -T - , T--j -1 --r 1 } - 1 5 -, '- -- - -, -I -- ' -

-20 -10 0 (actiMols) 10 20

Course : ff3 APG
Speed: 15 mph
Note: IIL% of PLS truck, passenger (scat)
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USAARL summary of analysis
per ISO-2631* guideline on FRUN-05 D-seat
whole-body vibration (WBV)

17-MAY-94 13:18:48

Sensor .... D-seat
Course-... #3 APG
Speed ..... 15 mph
Vehicle .. PLS truck
Date ...... May 19, 1992
Note ...... HHA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH
65 0 0-0 1

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
4G.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(0-z) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Iz) acLual weighted COMFORT FATIGUE HEALTH

4.00 0.5000 0.5000 0:32 4:11 10:56
2.00 0.7000 0.4950 0:33 4:15 11:03
1.00 0.7300 0.3650 1:05 6:35 16:20
5.04 0.3000 0.3000 1:30 8:36 20:47
7.94 0.2000 0.2000 2:56 14:34 33:36

Sl cLtrnatlonal Standardsj OrganizatLon ISO 26 31 Cormfox L ... Reduced comfoLt boundary

latigu-2 ... Fatiyue-d,:creased prof iciency boundary

ucaith ... liealth and oafet.y ex|osurr lDrut
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HSEL: Health and Safety oxposure lmit X: Lonlgiludinal RUN -0 D.sat
FDPB: Fargue.eKreaseC proficiency boundary Y Transverse RUN-0 Ve

RCB: Reduced comfort boundary
RM:S Vibraton R M S acceleration (m/s2) 2: Vefica' May 19, 1992 PLS truck

Exposure: 10h Om RCB FDPB !HSEL

(H z) . . . .. •...op .. _W L , I . . . ... .±.._ . , . I .....

(Hz RM "/ FP I ---- , , -7

X 0.00/0.191
1.00 Y 0o0010.191

Z 0.73 10.536 :. .. ... :

X 0.00 0.191
1.26 v 000i0191

Z 0.06/0.477

X 0.00/0.191
1.59 Y 0.00/0.191

Z 0.1010.425

X7 0.00/0.191

2.00 " o000o/0 91 1
Z 0.70 /0.379 ." ." . ....

X 0.00/0.241
2.52 Y 0.00/0.241

Z 0.10/0.338

X 0.00/ 0.303

3.17 Y 0.0o/o0.303
Z 0.22 /0.301

X 000/0 383

4.00 Y 0.00 /0383
Z 0.50/ 0.268 .. ......:.::'•

X 0.00/0.482
5.04 Y 0.00/0482

Z 0.30 /0.268 • .,/ ./l

X 0.00/0.608

6.35 -Y 0 001o/08o
Z 0.181/0.268

X C.30 ; 0.750
7.94 Y 0.00/0760

Z 0.200/0.268 : -

X 0.00/0.957
10.00 Y 0.00/ 0.957

2 0 131/0.335

X 0D0/1.206
12.60 Y o0 / 1.206

2 0.1610.422

X 000/1.519

15.87 Y 0.oo/1.519
2 0.18/0.531 . "

71 0.00/1.914

20.00 Y 0.1o011.914
2 0.22 /0.670 - 0

X 0 00 /2.411

25.20 Y 000/2.411
Z 0.13/0844

X 0.00/3038
31.75 Y 0.00/ 3.03b

2 014/1 063

/ 0.0013827

40.00 Y 0.00/3.827
7 009/•.340

X 000/4.823

150.40 Y 0.00/4.823
Z 0.08 /1.4818

X 0.001/076

63.50 Y 0.00 •6 078
2 0.12/2.127 0.1 1.0 HMS!FUPU ratio 10.

17.MAY.94 131848 r r- -l -l r tx 7 - -r r - r - T- t- - r r- n. -t -- *7

-/. -10 0 (decioB ls) 10 20

Course: 43 APG
Speed: 15 mph
Note: HILA of PLS truck, driver (seaL)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-08 P-SEAT
whole-body vibration (OBV)

17-MAY-94 13 :18 5C

Sensor .... P-SEAT
Course .... #3 APG
Speed ..... 18 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... H.HA of PLS truck, passenger

LL

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s') before reaching ISO lirmits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01. 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:03.

25.20 0.0000 0.0000 0:01 0:01 0:')1

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.9200 1.3576 0:01 0:44 2:36
4.00 1.1600 1.1600 0:01 1:04 3:1w
3.17 0.8200 0.7300 0:13 2:20 6:33
5.04 0.6600 0.6600 0:1.6 2:45 7:31
6.35 0.5400 0.5400 0:30 3:44 9:52

International Standard.s Orgamization ISO 2631 Coafort Redutcd CUmiolt b indary

Fatlyue . Fat yue-d.clceased proficiency boundary

Health ... ealth and safcly exposurc limit
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HSEL: Health and safety exposure limit X: Longitucdnal RUN 08,2-SEAT
FDPB: Fatiguo-decreased proficiency boundary Y: Transverse ii P-SE, n

RCU: Reduced comfort boundary
RMS: Vibration R M.S. ccelcretion Im/s2) Z: Vertical May 19, 1992 PLS truck

Exposure: 1Oh Om HCB FDPB IHSEL

(Hz) fMS/ FDPU L W J -i 'L ... . LJ i•J ' i r ....
rrrn1

X 0.00 10.191

1.00 y 000/0.191
Z 0 81 0 536 ". . . . . . .:'::..-..y . ::.

Y O.,O /0 191

1.26 Y 0.oo/o10.1
Z 007/0.477

X 000/0.191
1.59 v o0. o/0.191

Z 0.28 / 0.425 . ... .

X 0.00/0.191
v 0.00/0.191
Z 1.92 /0.379 ..

X 0.00 / 0.241
2.52 V 0.00o 0241

Z 0.35 / 0.?!e . "3

X 0.00/0.303
3.17 Y 0DO/0.303

Z 7 ,0.301 - - . . . ,.___: : :: :: - -

383"0.383
2 1.16 /0.268 . ." ." __"__":: ___:::_=::::_::= ':: =- :_

X 0.00/0482
5.04 V 0.00/10.482

7 0.66/0.268

x 0.00 / 0.608
6.35 o./ 0.60C....

2 0.54 / 0.25ht

X 0.00 / 0.750
7. Y v .M! r-i 70ri

Z 0.30 / i 268 a

X 3.00 / 0.957
10.00 Y 0.0o 0.957

Z 0.34 / 0.33F . : : , `7-`*.>

X 000/1-206
12.60 Y 0.0o /1-206

Z 0.33 10.422

X 0.00 1.5'Q
15.87 N ,u, 1.519

Z 0 35 /0.6 31 ..........

X 000 /1.914
20.00 Y 000/1.914

Z 019/0670

XU 000/2.411

25.20 Y 0.00 /2.411
Z 025 /0.844

X 0.00 / 3.038
31.75 V 0o /3-038

Z 016 /1.063

X 000/3.827

40.00 Y 0.00 3A.27
Z 0.12 1 340

X 0.00 / 4.P23

50.40 0o /823
z 0.10/1 668

X 000/6.07663.50 Y 000 /6, 06
Z 010/2.127

0.1 1-0 RMS/FDPR ratio 10.i ..... .. 4 -. ...... L - -. __,__ j. ,-.
17-MAY-94 13 18:50 I - - r- - rr• - -,r i-. • "---'--e'-''

-20 -10 0 (dacif4els) 10 20

Course: #3 APG
Speed: 18 mph
Note: HI-IA of PLS truck, passenger
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USAARL summary of analysis
per ISO-2631* guideline on RUN-08 D-seat
while-body vibration (WBV)

17-MAY-94 13:18-50

Sensor.... D-seat
Course .... #3 APG
Speed..... 18 mph
Vehicle... PLS truck
Date...... May 19, 1992
Note ...... .. HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0;01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0,0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:02. 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 u.0060 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:02 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Oz) actual weighted COMFORT FATIGUE HEALTH

4.00 1.4800 1.4800 0:01 0:37 2:16
2.00 2.0100 1.4213 0:01 0:40 2:26
3o17 0.9700 0.8635 0:11 1:46 5:09
6.35 0.6200 0.6200 0:18 3:01 8:11

L 5.04 0.6200 0.6200 0:18 3:01 8:11

* International Standar6s Organization ISO 2621 Comfort ... Rcduced comfort boundary

F'atigue ... Fatigue-d'ecrcaaed proficiency boundary

Hcalth ... Health and, satcty expo3ure limit
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HSEL: Health and safety exposuro limit X Longltudrnfla RUN-08 D-seat
FDPB: Fatigua-decreaSSed proficiency boundary Y: Tra,,sverse

RCB: Reduced comfort boundary

RMS: Vibration R.M.S. accelerationr Im/s2) Z: Vertical May 19, 1992 PLS truck
Exposure: 10h Om 1RCB jFDPB JHSEL:;.>:..

(Hz) RMS FDO tP8--

X 0.00 /0.191
1.00 Y 000/J0.19 1

Z 0.89 /0.536

X 0.0010.191
1 .26 Y 0.00/Y 0.191

Z 0.008/0.477

X 0.00 /0.191
it1.59 Y 000/0191

Z 0.30/0.425

a X 000/0.191
2.00 V 000 i0.19,

Z 2.01 /0.379 .m m
X 0.00 /10.24 1

2.52 Y 000/0.241 >

Z 0.42 /0.338

X 0.00 10.303
3.17 YV G 10.0/303

Z 0.97 t0.301

I~rX 0.0010383
4.00 Y 0.0010-383

Z 1.48/0.268....

X 000/0.482
5.04 Y 0.00/10.482

10X 0.001/0.606

6.35 Y 0.00/0.608 _______

Z 0.62 /0.268

X 0.0010.760

807.94 ', u LAu,u -)/,

X 000/0 957
10.00 Y 0.00/0.957

Z 0.34/0.335 , §f

X 0.00 /1.206I12.60 Y 000/11206
Z 0.32 / 0.422. - -.

If X 0.00/1.519

15.87 y. 0 00/i1519
Z 0.44 10.531 . . ....

X 000/1.914

20.00 Y~ 0.00/1914
Z 0.26 10.670

X 000O/ 2.411

25.20 Y 00012.411
Z 0.27 / 0.84.

X 01)0/3038
31.75 Y 0 00 /3.038

Z 0.19/1.063

Yt 0.00 /3.827

40.00 Y 000 / 3827
Z G 14/11340

X 0 010/i482350.40 Y 0.00/4823
Z 0.13/ 1 88

X 0.0016 076

63.50 Y 00016.076

Z .31217 0.1 1.0 RMS/F:DPB ratio 10.

17 M~AY94 13:183:150 1 j, ,r- ,-- r0~ -r-rrt1~

-20 -10 0 (decBels) 10 20

Course: #3 ADC
Speed: 18 mph
Note: 1-IHA of PLS truck, driver (seat)
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USAARL sunmary of analysis
per ISO-2631* guideline on RUN-10 P-seat
whole-body vibration (WBV)

17-MAY-94 13:18:b1

Sensor .... P-seat
Course .... #3 APG
Speed ..... 20 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ........ HA of PLS truck, passenujer (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:u1
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) acLual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0003 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 2.4400 1.7253 0:01 0:28 1:46
1.00 2.1300 1.0650 0:01 1:15 3:47
4.00 0.7400 0.7400 0:13 2:16 6:26
6.35 0.6200 0.6200 0:13 3:01 8:11
3.17 0.5600 0.4985 0:32 4:11 10:57 J

International Standards Orgarlizaticn IS1 2631: Comfort . Rcdiced comfort boundar,

F ati~igue Fatigue-decreased proficiency boundan"

Nealth ... Health and safcty expsJre limit
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HSEL" Health and safety exposure limit X: Longitudnal RUN- 0 P-seat
FDOP: Fatigue-decreased proficiency boundary Y: lisnoneaso

RCB: Reduced comfort bc.Jnreay Z Vertical
RMS: Vibration R.M.S. acce!eratron lm/s2) May 19, 1992 PLS truck

Exposure: 10h Om IRCB IFDPB IH"SEL

(Hz) RMSI FODP .' i:_:: •--"_____ ----I L_ -

X 0.00/0.191
1.00 Y 0.00/0.191

Z 2.13 /0.536

X 0.00/0.191
1.26 Y 0.00o/0191

Z (.17 7 0.477

X 0.0010.191
1.59 Y o.oo00.191

Z 0.36/0.425

X 0.00i 11
2.00 ' 0.00/0 91

Z 2.44 0.379

X 0.00/0241
2.52 Y o.00O 10.241

Z 0.29 / 0.338 . ..

X 0.00'0.303
3.17 Y 0.00/0.303

Z 0.5610.301 ,,-,-

X 0.00 / 0.383
4.00 Y 0.00/0.383

Z 0.74/0.268 ..-... plow

X 0.00 / 0.482
5.04 Y 0.00/0.452

Z 0.39/ 0.2•"8

X 0.00/0.608

6.35 V o.0•o0.608
Z 0.62 / 0.268

7.94 Y o.N •iO
Z 0.43 /1 .26 ":

X 000/0.957
10.00 Y Q.00 .917

Z 0.74 / 0.335

0.00/1.206
12.60 y 0.00/120o6

Z 0 .3 2 / 0 .4 2 2 ... . ......

X 0.00/1.519
15.87 Y 0.00/1-512

Z 0.30 / 0.531 .. .. " .. y..

X 000/t1.914

20.00 y 000/191
2 0.19/0.670

X 0.00/2.411
25.20 0.00 /2.41

2 0.26 / 0.8".

X 0.00•/3.0"
31.75 V GPo o 3 ro

2 0.1'/1.t,

X 0.00/31t
40.on V 0.00 oo3 6:

Z 0.11 1 1 240

X 0 0014.132350.40 y 0o03 4.b73
Z O.13 ' -.G08

63.50 v o 0 .zo07

Z 0.01•3 ' 127, (:; 1 1.0 RMJ3/F-DPB ratio 10.

17-MAY-94 13:18:51 | r ir, rr n-rTr-------r----r-n -- 1 - -rh -- -

-20 -10 0 (decibels) 10 20

Course; #3 APG
Speed: 20 mph
Note: HHA of PLS truck, passenger (seat.)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-10 D-seat
whole-body vibration (WPV)

17-MAY-94 13:18:51

Sensor .... D-seat
Course .... #3 APG
Speed..... 20 mph
Vehicle... PLS truck
Date ...... May 19, 1992
Note ...... H. A of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.00n0 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 2.3100 1.6334 0:01 0:30 1:57
1.00 2.3200 1.1600 0:01 1:04 3:19
4.00 0.8100 0.8100 0:11 1:59 5:39
5.04 0.7800 0.7800 0:12 2:05 5:58
7.94 0.6400 0.6400 0:16 2:53 7:50

" Internai1onal Standards Organization ISO 2631: Comfort. . ReduLed comtort botnjdary

Fatigue . Fatigue-decreased vroficicncy boundary

Health ... Health and safety f7posure limit

34



HSEL: Health and safety exposure limit X: Longitudinal RUN-I 0 D-seat
FtJP6: Fatigue-decreased profiriency boundary Y: Transverse

RCB" Reduced comfort boJndary
RMS: Vibration R.M.S. accelaraton (m/s2) Z: Vertical May 19, 1 992 PLS truck

Exposure: l0h Om KGB rtzzc .FDPB HISEL

(Hz) RMS IFDP _ , , W AI
X 0.00 10.191

1.00 Y 0.00o10.191
Z 2.32 /0.536

X 0.00/0.191
1.26 Y 000/0.191

Z 0. 19 /0.477 * ..........

X 0.00/0.191
1.59 Y 0.00o/0.191

Z 0.34 /0.425 . .. ... . .. ........

X (,.00 / 0.191

2.00 Y 0.o00/0.191
Z 2 .3 1 /0 .37 9 ........

X 0.00 / 0.241

2.52 Y 0.00/0.241
Z 0.29 / 0.338 . . ...........

X 0.00/0.303

3.17 Y 0.00/0.303
Z 0.53 'G.301 ........ ... -.....

X 0.00 0.383

4.00 Y 0.00 / 0.383
Z 0.81 /0.M68

X O.OC / 0.482

5.04 Y 000/0.402
Z 0.78 /0.268

X '.00 / 0.608

6.35 Y 0.00/0.608
Z 0.62/0268

X 0.00/0760
7.94 Y 0.00/0.760

Z 0.64 , 0.268

X 000/0957
10.00 Y 0.00/0.957

Z 0.28 /0.335 ": : :

X 0.00/1.206
12.60 Y 0.00/1 206

Z J.26 / 0.422

X 0.00/1.519

15.87 Y 000/11519
Z 0.28 /0.531 .

X2 0.00!1.914
20.00 Y 0.00 / 1914

Z 0.19/0.670

X 0.00/2.411

25.20 Y 0.00 2.411
Z 0.28/ 0.844

X 0.00 / 2.03B
31.75 Y 0.00 3038

Z 0.17/1.083

X 0.00/3.827

40.00 Y 0.00 / 3.827
Z 0.1211.340

X 0.00/4.823
50.40 Y 0.00/4.823

Z 0.11/1.688

X 0.00 / 6.076

63.50 Y 0.006.07t
Z 0.09/2.127

0.1 1.0 RMSi/DPB ratio 10.
1 _ I .,.. ,. A. - .._j.....A... . 1_J _._.L.J --J

17-MAY-94 1:18.51 l-'r----r- --- rT -j ..-' ----'r-r-- " i-

-20 -10 0 (duc;Bels) 10 20

Course: #3 APG
Speed: 20 mph
Note: H-IHA of PLS truck, dr;ver (seat)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-15 P seat
whole-body vibration (WBV)

17-KNI-94 13:18:53

Sensor .... P-seat
Course .... #2 APG
Speed ..... 10 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... H. A of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(iz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25. 2 0 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.2400 0.8768 0:11 1:44 5:03
3.17 0.8000 0.7122 0:14 2:26 6:46
4.00 0.6400 0.6400 0:16 2:53 7:50
6.35 0.4400 0.4400 0:41 5:03 12:53
1.00 0.8100 0.4050 0:49 5:41 14:19

International Standards Organizatiojn ISO 2631: Comfort ... Red-ced comfort bo,,,ndary

Fatigue ... Fatigue-decrciucd proficienry boundary

u!eaLth ... Health and safety expuoure li t _
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HSEL: Health aid safety exposure limit X: Longitudina RUN-i 5 P-seat-
FDPB- Fatigue-decreased proficiency boundary Y: TransvrseRU

ROB: Reduced comfort boundery Z: Vetical
RMS- Vioration R.M.S. acceleration (m/s2) May 20, 1992 PLS truck

Exposure: l0h Omn RCB DBHE
. ... ......... .... _

(Hz) AMS/FDPS -
X 0.00 0.191

1.00 Y 0.00/0,.191
Z 0.81 /0.536 -.. - ;-

X 0.00 / 0.191
1.26 Y o00o/o131

Z 007/0.41 "

X 0.00/0.10
1.59 Y 0.00/0o19,

Z 0.18/0.425

X 000/0.191
2.00 V 0.0010.191

Z 1.24/0.379

X 0.00 / 0.241
2.52 v 0.00/0,241

Z 0.33 /10.338 ..............

X 0.00/0-303
3.17 V 0.00/0.303

Z 0.80/0 301

X 0.00 / 0.383
4.00 V o0oo0o..3

Z 0.84 / 1-268

X 0.00/0482
5.04 Y 0.00/0482

Z 0.37/0-268 -"--

X 0.00,0.608

6.35 V o00o0o.6o
Z 0.44/0.28

7.94 Y ono;O07 i

Z 0.28 / 0.2;. 1 " . .. :: : ... : : : . .:

)( 0.0". / 0.9
10.00 V 0.00 / 0.9:;

Z 0.21 ,0.3'5 5. . . " .;. ;4 : .

X 0.00/ 1.2(5
12.60 v 0-00 1 .2I

Z 0.22 / 0.42.

X 0.00/ 1.51
15.87 V• 0o0 /1.51

Z 0.18 / 0.531

X 000/1.914
20.00 V 000/1.914

2 0.1210.670

X 0.00/2.411

25.20 V o.o / 2.411
Z 0.12/0.844

X 0.00/3.030

31.75 Y 000/3.030
Z 0.13/ 1.063

X 0.0 /3.827
40.00 V o.0o 3.82?

Z 0.03/1.340

X 0 00 /4.823
50.40 V 000/4.823

Z 0.07 / 1.888

X 00,0/6076

63.50 V 0.00 6076
Z 0.07/2.127

0.1 1.0 RMS/FDP8 ratio 10.
I ________ .~._._.L. --- . ..- i . .4 , .t. _._.I _____ ...... . L..J.....L ..._ . .L .i :. .j.

17-MAY-94 13:18.53 j r - T-T1- -- 1 -7 ---"• -" 1  r-' - -r---r-r--- ---- l-mr-- r- -r-- -

-20 -10 0 (deciBels) 10 20

Course: #2 APG
Speed: 10 mph
Note: HHA of PLS truck, passenger (seat)
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USAARL sumnmary of analysis
per ISO-2631* guideline on RUN-15 D-seat
whole-body vibration (WBV)

17-MAY-94 13:18:53

Sensor.... D-seat
Course .... #2 APG
Speed ..... 10 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... HHA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (M/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:0) 0:01 0:01
25.20 0.0000 0.0000 0;01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.1600 0.8202 0:11 1:55 5:33
4.00 0.4700 0.4700 0:37 4:35 11:49
1.00 0.8800 0.4400 0:41 5:03 12:53
3.17 0.4900 0.4362 0:42 5:07 13:00
6.35 0.4200 0.4200 0:47 5:24 13:41

InLernalional Staridards Organization ISO 2631 Comfort ... Ruduced corrforL boundary

Faut ue ... Fatiy'e-decreased proficitency boundry

H{ea Ith ... ealth and safety expos3utc limit.
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HSEL: Health arid aaey exposue i,mit X. Lor3.lud.RUna'N-I 5 D-seat
FOrF: Fatigueder.reased wroficiency boundary Y: Transve.se . N 1 . .

RCB: Reduced Comfort bourcda'y
RMS: Vibration R M S a.ceeraor, (rmi2) Z Ve,,ca. May 20, 1992 PLS truck

Exposure: 1Oh Om IRCB jFDPB !HSEL

(Hz) RMS/FDPB L W I_____

X 00010191
1.00 Y 000/o.191

Z 0 88 / 0 .536 . -: " -- " " - " " ..":::: .:::::::::: :::::::::::::::::: .-.... ;..:I.I.

X 000/0191
1.26 y ooo0o0 l .

Z 007 /0.477

X 000/0.191

1.59 v o.oo/o191
Z 0.17 10425 ": "

x 000/0.191
2.00 v o. oo/0.191

Z 1.16 /0.379

X 000/0.241
2.52 Y 0.00 /0.24 1

Z 0.22 / 0.338

X 00010.303

3.17 Y 0.00 /0.303o
Z 0.49 /0.301

X 0.00/0.383

4.00 Y 0.00!0.383
Z 047 /0.268 -

X 0.00/0.482
5.04 Y 0.00/0.482Z 0.39 / 0 268 . . . ;•,.; <;;••.••.-.5Y...-Z:,•;,

x 000/0608
6.35 Y 000 0608

Z 0.2 0.26.-

X 0.00 . o.760
7.94 v 0.00/0.760

Z 0.31 /0.268

X 0.00, 0957
10.00 V o0o/0.957

Z 019/0335 .:.

X 00011 206

12.60 Y 0.0 /1.206
Z 0.20/0.422 ' . . :

X 0 000/1.51915.67 Y ().00o11.5 19
Z 024/0.b31

X 00011 914
20.00 000 /1 914

Z 0 14/O.-

X 00012.

25.20 V 0.00/2.411
Z 0.13/0.844

X 000/3038
31.75 Y 0(0/1038

Z 01 3 / 1.003

X 000/3827
40.00 V 000 / 31827

Z (.09 0/1.340

X 0.00 4 R23
50.40 V 0. o4o823

Z 0 07 11 6P8

X 0.00/6076
63.50 V 000/6.07(

Z 0.07 /2 127

0.1 1.0 HMSIF DPB ratio 10.
I- .- -.____ -~ a-L ~ u .& - -.L ý - I I _. i .

17.MAY-94 13 18:L3 1'' 1 1 -1 "--F-L -71 J--'" ---- '--T -•1-

-20 -10 0 (deciliels) 10 20

Course: #2 APG
Speed- 10 mph
Note: IIhA of PLS truck, dciver- (seaL)
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USAARL summary of analysisper IS0-2631" guideline on RUN-17 P-seat i

whole-body vibr. tion (WBV)
17-F,;JY- 94 13:18:54

Sensor .... P-seat
Course .... #2 APG
Speed ..... 13 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... .HHA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposuie
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
Xi Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH[

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

1: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01

50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weightud COMFORT FATIGUE HEALTH

2.00 "..5000 1.0607 0:01 1:15 3:48
3.17 0.9600 0.8546 0:11 1.:49 5:15
4.00 0.6600 0.6600 0:1( 2:45 7:33
1.00 0.9'7UO 0.4850 C:33 4:22 11:22
6.35 0.4400 0.4400 0:41 5:03 12:53

XrinSeaiit.iorail St dads 01ganl.ation ISU 2,31: ýo-fý t .. . ,Q-Cd ''m1oi1t u')u11duty

F-t L I 'gj . .] , -d,:ceai , ,ui [o ici :y ku1, o.Try

Il,>alh .. ),: 'lth arl-i fluafe y ,:Xj'NurP! limit
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SEL,- Health end safey exposure ,. m-, - Lor.gitunal RUN-i 7 P-sea
FDOP: Fatiuc docfeoted proficiency boundary Y. Transverse RUN -1 7 I-seal

RC13 Reduced comfort boundary
LMS: Vbr,.on MS. a .. /s2) 2 Onitica, May 20, 1992 PLS truck

Exposure: 10h Orn RCB FDPBrHSEL
" : : .. . :. . .: . : : : • - - .i~: .S:-..:•:•:i. :..4:i:•:!: :•.: : :• :::::..§:::-:. :. .. . |I ... . .... ....1[..•- _ - ......... .1 .........-...4 _. W .. J f 1 _.J .L.,__.--- - J

(Hz) RMS i FDPB 7 1 _'

X 0.001/0-191

1.00 Y 0.00o/0191
Z 0.97 / 0.536 :::: -

X 000/0.19'
1.26 V 0oo0o/0s

Z 0.08 0477

X 0.00'0.1911.59 Y 000o0o19,
Z 0.22 /0.425

X 000101912.00 Y oooo s,
Z 1.5010.379 ... . .,z'.;.t:• vvx•::: / . __:_______:____:__:____:_:___:_:__

X 0.00/0.241
2.52 V 0o00 0.241

Z 0 42 / 0.J38 ,,, ', : '- .. .. .

X 0 00! 0.3033.17 y 00(-030'1
Z 0.96 / 0.301

X 000/0.383
4.00 V 000om.383

7 0.66 /0.268 6:

X 0.Gr 1 0 4825.04 Y 0.0 /o 0482
Z 0 34/0.268

6.35 y ooo/o68o

x 0 U 1uO/0 70
7 V94 Y 00010760

Z 0 2C i/ 0.2 8 .......-.. .....

X 000/0957
10.00 Y 0 00/0.957

Z 024/0.335 .:.. .

X 000/1 206

12.60 0001/1206
Z 0.19/0.422

X 0.00/1.519

15.87 Y 000/1.519Z 026 / 0531 "•;I:;.•••

X 000/1914
20.00 V 0DO/ 1914

2 012/0.670

X 1 000/2411
25.20 V 000/12A11

7 0.14/0.844

X O.MO 3.038

.31.75 Y 00D/3.038
Z 0.12/1.063

X 000/3827

40.00 Y 000/ 332
Z 0.121 1 340

X 0.0014.823
bQ.40 V 000•4 823

7 07 /1.688

X C, 00 /6 76

53.50 *e o0mr0o762 0.06 /2.127
0.1 1.0 FiMSfFF)PU roato 10.

I ~ ~ ~~~~ -- _, ..... . -. ._~ J . . . . A . .. • _ J • ., _= _

17 MAY 14 13 186 U b4 r'r- r 1  
T reirrr mr

-20 -I 0 (doci~v.M) 10 20

Course: 4t2 ADGSpeed: 13 mph

Note: PIUa of. PbS truck, passenge-r (seat)
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USAARL sumary of analysis
per ISO-2631* guideline on RUN-17 D-seat
whole-body vibration (WBV)

17 -? Y - 9 4 13 :18 :54

Sensor.... D-seat
Course .... #2 APG

Speed ..... 13 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... .. HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV ezjcsure
weighted RM1S acceleraticns (mr/s2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0;01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0C00 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:03.
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALT•I

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.4600 1.0324 0:01 1:19 3:59
4.00 0.5900 0.5900 0:20 3:15 8:45
1.00 1.1600 0.5800 0:22 3:20 8:571
3.17 0.6000 0.534, 0:10 3:47 10:00
6.35 0.3700 0.3700 1:02 6:26 16:02

InrtrnationaI Stan'1a ds Orygnnzat ion ISO 2631: Comn :rt. Peduced comi)IOt. )boutdar-

I*talyur .. at~ique-dccrcascd jiotl•cericy boundary

|1Lalth ... |uaiLh and safety exposure limit
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HSEL: Health and safey exposure limit X. Longitudinal RUN-i7 D-seat
FOPS. Fatigue decreased proficiency boundary Y Transverse

RCB: Reduced contfort houndazy
RMtI: Vibration .M.S. acceleration (.ns2; Z: Vert,cal May 20, 1992 PLS truck

Exposure: i0h Gm RCB IFDPB IHSEL

(Hz) MS FOP L..u .. r , . ..... t.. . .... . .

X 0.00/0.191
1.00 Y 0.00/0.191

Z 1.16 /0 536

X 000/0.191

1.26 Y 0.00,0.191
Z 0.09 /0.477

X 000,0.191
1.59 Y o.0)0o191

aZ 0 22/0.425 ::•: : • k . :: .. i••iiik::-:,~~~:

x u.OOi/0.t91
2.00 Y o.oo /o.191

Z 1.461/0.379 - • - " -_ .'__'_-_:.__.::____:_-.-_'.__-._._-_;_-.

X1 0.00 /0.241
2.52 v o oo,o •,1

2 0.26 / 0.338 ::: . . • : :;~::~:'•";$,;;i!]•'b'[]!];:;:::i•
X 0.00 /0.3033.17 Y 0.001.9303
Z 0.60 /0.301 . . .. m

X 0.00/0383
4.00 Y 0.00/0.383 1

Z 0.59 /03.28

X 0.00/004825.04 Y 0.00/0.48

Z 0.35 /0.268 : . ..
4

:.4: : 4•::> 7-/yi:;.::;.•:y/ ;y.':;::2;.;;.

Z o~0O.601030
X 0.00/03808

6.35 8 0.300o.0o .

t 0.37 /0.268 ........ :.:... :.. .:...-.......,W/Z.$';:4t3•; J'.- •%,:••.:.';

x 000i0.768

Z 0.25 /0.268 . . . .... . .. ...f ,/

X 0.00/0.60810.00 Y 000/0957
Z 0.13 /0.335 6. 8 .. ". z4.,:4.y,:...:.

X 0.00/1 20612.60 V 0.0 0.•.2..........

7 0.18/104.22 - .. •. ..- .. ,.,....:,:

X 0.O0/1.519

15,87 r o.oon.19
Z 0. 3350,31

X/ 0.00/1 91420.00 V 000o1140
Z 0.12/0.670

X 000/2.41125.20 V 0o0!1 519
Z 0.12 10.844 :..:

X 0.00t / 3.03831.75 Y 0.00 9`.13
Z 01-/120637

X 00/i3.827

40.00 V 00o0/3.82
7 0 11 /1.340

252 Y/ 0.00/24182
504 Z 0.10/4.824

X 0.00/3.08

31.75 Y 0. L4o,.03
Z 0.17 1 063

X 0.O00/48237

63.50 Y 000o6076
Z 0 0612 127

0.1 1.0 RMS/FDPB ratio 10.
I -j - I -• -_ -.L .• -_1 __ j -•- --L --•- ..- J

17-MAY94 13.18.54 -1 -- rr- - r -r r r- i t-l'- - t-T -- t-" -r -n -Jr-- n-- -- - - 'fl

-20 -10 0 (deciBels) 10 20

Course: P2 APG
Speed: 13 mph
Note: HHA of PLS truck, driver (seat)
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USAARL sunmary of arnalysis
per ISO-2631* guideline on RU-20 P-seat
whole-body vibration (WBV)

1I '? -W -94 13 I8:S6

Sensor.... P-seat
Course.... #1 APG
Speed..... 5 mph
Vehicle... PLS truck
Date...... May 20, 1992
Note...... .. H1A of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RNS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0.01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 10.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 0.6500 0.4596 0:38 4:43 12:11
1.00 0.3400 0.1700 3:45 17:52 40:30
3.17 0.1500 0.1335 5:20 24:00 53:06
7.94 0.1100 0.1100 7:01 30:10 65:37
6.35 0.1000 0.1000 8:00 33:45 72:45

* InLerrnatLnial Standards Organ~zatiun ISO 263] Comfort . . Reduced comtort boundlry

Fatigue ... PaLygue-decreauied proficiency boundary

4 4 a l h . ea l t h a n d Ha i e ty e xp ,o sU I e 1 1M I t
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HSEL: Health and .sfBy exposure I' . it X: Lono.ldf..l RUN -20 P-seat
FDPB: Fatigue-decreaaed Droficiency bouildary Y: T,&an3'erso

RCiI Reduced comfort boundary
RMS: Vbration P.M.G. accelerat,on (W,/s2) Z. Vertical May 20, 1992 PLS truck

Exposure: 1Oh OmIRCr IFnPB IHSEL

(Hz) RMS/FOP8 f_. ...__-_, __ u

X 0.O10.191
1.00 Y 00010191

Z 0.34 08536

x 000 /0.191
1.26 Y ooo,'o.191

Z 0.03 /0.477

X 000/0.191
1.59 Y o. 0/.191

Z 0.10 /0425 ::..L . ". . .. :

X 00010.191
2.00 o0oooi.191

Z 0.65 /0.379 ....... .. ... ..... .

X 0.00 0.241

2.52 o.oo/ 0.241
Z 0.08 / 0.33F

X 0.00 /1 .303

3.17 - 0.00/0.303
Z 0.15 / 0 301 ...

X 0.00/0383

4.00 V O.OC, 0. 383
Z 0.09 /0.268

X 0.00/ 0.482
5.04 V 000/0.482

Z 0.09/0.268

X GOO . 0.608
6.35 Y o oo 1o.0 o7 0.10 / (1.,4 8 . ..... : ... :... :..'.. .. : ': :

xa 00 0 ,0607-3ý4 Y uLAI,,u,,,U
Z 0.11 / 0.268

X 0.00 1 0.957
10 0 Y 000o/097

Z 0.06 / 0.335

X 000/1.206
12.60 Y 000/•.206

Z 0.07 O 0.422

X 0.0011 519
15.87 Y 0.,01,519

Z 0.11 /0.531

x 0.00/ 1.91420.00 0001 1914
Z 0.11 /0.670

X 0.00 1 2411
25.20 Y 0.o ,2411

Z 0.1010a44"

X 0.00/3038
31.75 Y 000/3038

Z 0.07/1.083

X 0.0013.82740.00 Y 000 3.t27
Z 0.07 /1.340

X 0.(00 f 4.823
50.40 Y 0.00 4823

Z 0.0(01 1.688

X 0.00 16.076
63.50 Y 0.0016.076

Z 0.05 / 2.127
0.1 1.0 RMS/FDPB ratio 10.

17MAV94 13:18:56 1 - -- - ' I - - r -- ' ---
-20 -10 0 (deciBels) 10 20

Course: #1 APG
Speed: 5 mph
Note: HIUA of PLS truck, passenger (seat)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-20 D-Seat
whole-body vibration (WBV)

17-MAY-94 13:18:56

Sensor .... D-seat
Course .... #1 APG
Speed..... 5 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... HHA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s') before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

ktHz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
3 .75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:C1 0:01

Z: Vertical

(Hz) actual weighted COMFOPT FATIGUE HEALTH

2.00 0.7100 0.5020 0:32 4:09 10:52
1.00 0.3300 0.1650 3:56 18:32 41:51
3.17 0.1700 0.1513 4:28 20:37 46:11
6.35 0.1200 0.1200 6:13 27:15 59:45
7.94 0.1100 0.1100 '7:01 30:10 65:37

International Standards Organization ISO 2f31: Comfort ... Reduced comfort bourdary

Fatique ... FatrguL-decreased proficincy Loundary

licalth . Health and safety exposure limit
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HSEL: Hee'th and safety exp.osure .imt X Longitudinal RUn n-set
FDPB: Fa nque-decreased proficiency boundary V: Transverse RU N -20 D ,s ,.,

HCB Reduced comtot boundary
RMS: Vibraton R.M.S. acceleration (n/s2) Z: Vert,.a, May 20, 1992 PLS iruck

Exposure: 1Oh Om IRCB IFDPB ýHSEL
• , • . . . .. . . .... .... .. . . . , , , • 2-• -

(Hz) RMS I F.P8 ------- i

X 000/0.191
1.00 v 0.00/0.191

Z 0.33 /0 536 ..::::.::.:.:.. ..

X 000/0191
1.26 Y 0.00/0191

Z 0.03 / 0.477

X $,L .(, . 0.191

1.59 v o.oo/o.191
Z 0.11 /0.425

X 0.00/0.191
2.00 y 0.00/0.191

Z 0.71 / 0 379

X .00 . /0.241
2.52 Y 00o/0.241

Z 0.09/0.338

X 0.00/0.303
3 17 Y 0.00/0.303

Z 0.17/0.301

X 0.00 / 0.383
4.00 V 0.00/0.383

Z 0.10/0.268

X 0.50/0.482
5.04 Y 000/0.481

Z 0.09 / 0.268

X 0.00/0.608
6.35 y 000/ O608

Z 0.12 / 0.2b8

7.94 Y CoGo0763
Z 0.11 /0.268

X O.OC / 0.957
10.00 y 0.00/Q9.57

Z O.08 /0.335

X 0.00/1.206

12.60 Y 000/1206
7 006/0 .422

X O. 0/1.519
15.87 Y 000/1.519

Z 0.11/C 531

X 000/1 914

20.00 Y 00, 1 914
Z 0.13 /0.6-0

X 0.00/2411
25.20 Y 000/2.411

Z 0.11 /0.4-44

X 0.00 /3.038

31.75 Y 0.00/ 3.038
Z 0.07 / 1.063

X 000/3.827
40.00 Y 0.00/3.82,

Z 0.07 1 1.340

X 0.00/4823
50.40 Y O.JO I/ .823

Z 0.07 1.638

X 0.00/6.076
63.50 Y 000o.6.076

Z 004/2.127

0.1 1.0 HMS/FDPB ratio 10,

17-MAY-94 13:18:56 1-T-T -r� - -1 - -1- r--rr- r~~ rrr- ~- 17--~rn----~' '

-20 -10 0 (deciBols) 10 20

Course: #1 APG
Speed; 5 mph
Note: ttHA of PLS truck, driver (seat)

47



USAARL summary of analysis
per ISO-2631* guideline on RUN-22 P-seat
whole--body vibration (WBV)

17-MAY-94 13:18:57

Sensor .... P-seat
Course .... #1 APG
Speed ..... 10 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... H.IA of PLS truck, passenger (seat) __

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.3500 0.9546 0:01 1:30 4:28
3.17 0.5100 0.4540 0:40 4:48 12:22
1.00 0.7300 0.3650 1.:05 6:35 16:20
4.00 0.3100 0.3100 1:25 8:12 20:00
6.35 0.2000 0.2000 2:56 14:34 33:36

Intrernational Standards Organization ISO 2631: Comfort ... Reduced comfort boundary

Fatigue ... Fatigue-decreased proficiency boundary

llealth ... Health and safety eXosure lmit
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H-SEL- Health and Safety exposuti. broit X: Longitudinal U -2Psa
FDPB: Fatigue-dec~reased p. oficiency bounrtery Y: TransversuRU -2Psa

RCB: Reduced ccmfurt boundaryZ:Vria
RMS: Vibration R.M.S. acceinration (m/52) ZVetclMay 20, 1 992 FLS truck

Exposure: 10h Omi jRCB.........-- -- HSEL

1.00~ ~ Y .009
Z..0.7 3............

X 0.00/0.191
1.26 Y 0.0001 91

............7.

X 0.00/0.191

1.59 v o0oo/0,1s
Z O0.20/ 0.477 .1

X 0.00/0.191
2.00 Y 0,0O/0.191

Z 1.35/0.379. ......

2.52 Y o0.000.219
Z 1.24/ 0.379... ................

X 0.00/0.303

3.17 Y 0.00/0 .303
Z 0.514/0.301..... .

X 0.00 /0.383

4.00 Y 0.00 /0.303
7Z 0.31 / 0.301

X 0.00/0.483
5.04 Y 0.00/0.383

Z 0.316 / 0.268 .......

X 0.00 /0.4082

Z 0.20 / 0.268

Z 0.2/0.268

7.94 Y 000/0.760
Z 0.16 10.268

X 0.00 /0.957

10.00 Y 0.00 /0.957
Z 0,14 /0.335a

X 0.00/1.206
1260 V 000/1.206

Z 0.23 /0.422

x 000/1.519

15.87 Y 0o00/1.519
Z 0.20/0.531

X 000/1.914
20.00 Y 0.00/1.914

Z 0.11 /0.670

X 0.00 /2.411

25.20 Y 000/2411
Z 0.10 /10.844

X 000/3.038
31.~75 V 0.00/3.038

Z 0.10/1.063

X 000/3-827

40.00 V 000/3827
Z 0.1011.340

4X 000/ 4.823

50.40 V 000/4-823
Z 0.06/1-688

X 0.00/6.076
63.50 Y 0.00/6.076

Z 0.05 /2.127
0.1 1.0 RMS/FDPB ratio 10.

-20 -10 0 (deciBels) 10 20

Course: #1 APG
Speed: 10 mph
Note: IIH-A of PLS truck, passenger (seat)
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t1SAT&RL summary of analysis -]
per TSO-2(_-31* guideline on RUN-22 D-seat
whole-body vibration (WBV) L

17-MAY-91 13:186:7

Ser~so"..... D-ss•.t
Course .... #1 APG
Sped ... 0 mph
Vehic.lc-. PLS truck
Date ...... May 20, 1992
SNote ...... 1UA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of W9V exposure
weighted RMS accelerarions (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
W• Lc-ngiituinal

(Hz) actural weighted COMFORT FATIGUE HEALTH

r? 0 . 0,000 0.0000 0:01 0:01 0:01
50.40 0 . C;00 0.0000 0:01 0:01 0:01
40.00 0.0000 0.000c' 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0 .C000 0:01 0:01 0:01

Y" Tran , o rse

(Hz) a cau-a ]. w-ý. 1_,-hlted COMFORT FATICUE HEALTH

63.50 0. 0000 0.0000 0:01 0:C1 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01

31.75 0.0000 000000 0:01 0:01 0:01

25.20 0.71ý000 0.0000 0:01 0:01 0:01

,7Hz) E. :tual we igtaed COMFORT FATIGUE HEALTH

2.00 I. 200 1 .004 0:01 1:22 4:09
i.00 0.840C 0.4200 0:47 5:24 13:41
3.17 0.3',00 0.329,1 1:17 7:35 18:32
4.00 0.3000 0.300C. 1:30 8:36 20:47
6.35 0.2000 ('.200.'3 2:56 14.34 33:36

uitLcrnat xonrl ",ta'dari,. C6r-an~zA, -- !S(C 233", - Co:ifort . Reduced comfort buundaxy

-aLiyuc ... FatLgji-drcreaaed proficiency boutdary

Health Health, an,) qpfty exposurc irriLt
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HSEL: Hea'th Sld safety exposure I.,m X LOngitudinal RUN'22 D -seat
FDPB: Fatigue-decreased proficiency boundaly R -Transverse

RCB: Reduzed comfort boundary
RMS: Vibration RM S. acceleration m/sz) Z Vetrca May 20, 1992 PLS truck

Exposure: 1Oh Om RCB FPB IHSEL

(Hz) RMS /FOP6 _I' t I I I

X 0.00/0191
1.00 y 0.00/01 91

Z 0.84/0.535 -
X 0.00"0.191

1.26 Y o.oo/o191
Z 0.07/0.477

X 0.00/0.191
1.59 Y o.oo/.191Z 0.2010.425 .... . ..

X 0.00/0.191

2.00 Y 000/0191Z 1.42/0.379 " . . .

X 000/0.241
2.52 Y 000 /0.2L1

Z 0 1E1/0 33 8

X 0.00 /0.303
3.17 v 0.00/0.303

Z 0.37/0.301

X 0.00 / 0.38-
4.00 Y 0.00/0.3d3

Z 0.30/0.268 . .:.: . -...

X 0.00/ 0.482

5.04 Y 0.00/0.432
Z 0.20 I 0.268 .-

X 0.0O " 0 608
6.35 Y 0.00,0.608

Z 0.20/0 268 . .

7.94 v 0.00,0.760
Z 0.17 /0.268

X 0.00/0957
10.00 V 0.00/0.9h7

0 0.16 i 0.335 .. ..... ..... ....

X 0.00/1.206

12.60 0.00o/1.206
2 0 25/0.422 " .

X 0O00/1.819

15.87 V 0o o0/1519Z 0.26 / 0.5:1:

X 0.0011.914

20.00 v 000/1914
Z 0.10/0.670

X 0.00/2.411
25.20 V 0-0012,11

2 0.03 / 0.844

X 0.C0 13.038
31.75 Y o.Wo/3.C38

2 0.09 / 1.063

X 0.00/3 827

40.00 Y 0.00/ 7827
2 0.09 / 1.340

X 000/4.823
50.40 Y 00•/4 82.3

Z 0.06 /1.6•8

X 0001 ;6.076

63.50 0.00 '6.076
Z 0.0612.127

0. 1 1.0 PNlS/FDPB ratio 1 .
I I _ _ _ _--_- . . . ... ..- .. ..- L_ __ _.L _ _- ._ _ _..._.

17-MAY-94 13:18.57 T-' -' " r - -- --- -'fr--- -T--T- -- I -r"T- T-m-[ 'm"

-20 -10 0 (dciR,!'s) 10 20

Course: #1 APG
Speed: 10 mph
Note: HI-IA of PLS truck, driver (seat)
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USAARL sunuaary of analysis
per ISO-2631* guideline on R P-seat

_RL-23whole-body vibration (WBV)
17--AY- 94 13 :18: 57

Sensor .... P-seat
Course .... #1 APG
Speed ..... 15 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... H. A of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0.01 0:01
50.40 0.0000 0.0000 0:C1 0:01 0:01
40.00 0.0000 0.0000 0.01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) acuual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0.01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH 1

2.00 2.1300 1.5061 0:01 0!36 2:13
1.00 2.6800 1.3400 0:01 0:45 2:40
3.17 0.9100 0.8101 0:11 1:59 5:39
4.00 0.7400 0.7400 0:13 2:16 6:26
5.04 0.6100 0.6100 0:18 3:05 8:22

InterTationa) Standards OrganizatLon1 I:O 2631: Comfort . Reduccc comfort boundazy

Fatiyue ... Fatiyuc-decreased proficiency boundary

J{e~alth ... Health aid safety exposure limit



I'SEL. Health an. safety exposure linit X Long,,ud._alRU,2P-e
FDP8: Fatigue dicreased proficiency boundary Y: Transverse

RCB Reduced comfort bounc-gry
RMS: Vi'yation R.M.S ... celeraton, -,ls2) 2 Vertica, May 20, 1992 PLS truck

Exposure: 10h rt m IRCB IFDPB JHSEL

(Hz) APS / F:.PB LJ-- ', , , . . . . |,..

X 0.00/0191
1.00 Y 000/0.191

Z 2.68 /0.536

X 0.00/0 191

1.26 Y 0.00/0.191
Z 0.22 /0.477

X 0.00/0.191
1.59 Y 0.00/0191

Z 0.32 /0.425 . ... '

X 000/019t
2.00 Y 000/0191

Z 2.13 /0 379 . ... ... ...... .

X 0.00/0.241
2.52 V o0 /o024 1

Z 0 39 /0.338 .. ... . .....

X 000/030,
3.17 Y 0o00/o003

Z 0.91 :0.301

X 000/0.383
4.00 Y 0.00 /0.3C3

Z 0.74 /0 268 .. .. ......

X 0.00 / 0.482

5.04 Y 0.00 / 0482
Z 0.61 /0.268 . . . :. - .

X 0.00/0.608

6.35 Y o oo00/0oo
Z 0.54/0.268 . . :.. - .. --

X 000/0760

7.94 Y 0.00/0 750
Z 0.44 /0 268 8 : . - ::.

X 0.00 /0.957
10.00 Y 0.00/0957

Z 0 24/0.335 "

X 0.00/1 206

12.60 Y 0.00 1 1.206
Z 022 /0422 ..... ' ..

X 000/1 519

15.87 Y 000/1.519
Z 0 25 /0.531

X 0.00/1.914

20.00 Y 0.00/1 914
Z 0.22 /0.670

X 0.00 / 2.411

25.20 Y 000 /2.411
Z 0.16/0844

X 0.00 / 3.038

31.75 Y 000/3.038
Z 0 15 /1.063

X 0.00 / 3 827

40,00 Y 0.00 3.827
Z 0 11 11.340

X 000/4.823
50.40 Y 0.00/4.823

Z 0 10 / 1.688

X 0.00/6076

63.50 Y 0o., / .07
Z 0.10/2.127

0.1 1.0 RMS/I'DPB ratio 10.
I .... ..... -J. .... iL _ .___.J -. 1 .2 A J J ___ _ _ _.2. .1 _...J . .1.2 _L

17 MAY.94 13:18 57 I r t•- - -- • . -r r-1 -- -r --- r--1

-20 -10 0 (dociBcls) 10 20

Course: #1 APG
Speed: 35 mph
Note: IIIIA of PLS truck, pas:senger (seat.)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-23 D-seat
whole-body vibration (WBV) 1

17 -WY -94 13: 18 5/

Sensor .... D-seat
Course .... #1 APG
Speed ..... 15 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... . {HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0 0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:03.
50,40 0.0000 0.0000 0:01 0:02- 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0.01

Z: Vertical

(liz) actual weighted COMFORT FATICJE HEA•LTH

2.00 2.1900 1.5486 0:01 0:33 2:06
1.00 2.6500 1.4250 0:01 0:40 2:26
3.17 0.8500 0.7567 0:12 2:13 6:13
4.00 0.6300 0.6300 0:18 2:57 8:00
5.04 0.4400 0.4400 0:42 5:03 12:53

Ii]I'.1rnatUral Si a idizde Ogardi3ato io ISO 2631 ComforL Peduced LCfLurt L uridaiy

, " j .c .. Fat. lit1u J urcar d piof ilewy Iour- Lary

|-i4th ... it, an, safety exluour 1 lT)'

,' 4



FSICL: Fhearth a d safety exi 5suvt nti X lOtiu~~ U -3Dsa
p FDP'B FC1iuIe L-. A-,, d prcý.civfcy bouniady Y Trar.sverse N - ,-, .at

RCB. Redoced c-.rfort bo, llry
q R~~FMS Vibratcn F M S. tcel(a o raI'.n 3 Z(nit.s2•MSv,,,.• •M -•o(,,,••,,,2; z •, ... May 20, 1992 PLS truck

Exposure: 101, Orn IRCB !FDPB IHSEL

rPS /-FOP- --A ,, ,| , 1  r r 1

X C, 0 0' .19;
A 0.0 v 0ý.91

Z 289b /0 536

) 0O1) /0.191
1.2: Y 100 /• 0 191

7 023/0 477 .

X CZ0I0 191

1.59 Y LOOo131
Z 032 / 429 . . "... .

x 0 GI/0 1 1
2.00 Y C 0(, / 0 19 ,-

X 000!0241
2.52 v o000.241

3. 7 C ... 0>S$ Vi a474 n.00 303
3.17 Y 0.00 2 • 1037' 0 ?15 U 301 .. ; .. : . . --- - - ,- .-- .-- ,

X 0 0010.383

Z 0.63 /(G, 2e -•.×68':'

X 000/0.482
5.04 Y 00(K/0482

Z 044/0.268

X 0 00/106086.35 y 0 00 , .60a
Z 0 37 / 0 268 ,

X 0.00 1 0.7U.07 M 4 000/(,760
Z ) 36 / 0 260 ..- ':

X 00010957
10.00 Y 00010.957

Z 0 27 10.33 • v -

X V 00 J 1.206
12.60 v 000/120,;

Z 0 2C, 10 422...........:.'. J

7 00011519
15.87 N 0. OOl1 5.!

X 0('1/1914
20.00 y 0 V/1.914

Z 0 21?/0679

li X 000,2411
25.20 N 00012411

Z 0 17 0,Q844

y 00013038
31.75 "V 0003o038

Z V 15 /1003

x X 0003 827

4U.00 V 000/382)
z 011/1340

X 00 /14.623
50.40 C, 001 823

Z ( 11 r 1 688

Y 0 W0t01076
63.50 Y U001/076

Z 011/2127

0.1 1.0 FiAS/FIC1[B ratio 10.

17 MAAY-34 1318.57 ITT ' d 11$ m71 '-3 : - 1-. . " ".-t.'-1 -1 1

-20 -10 0 (dWe .-75) 10 2U

Caoucse: C .it. AVG

Spccd: 15 mph
Note: IIItA of 11S truck, driver (seat)
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USAARL sunmary of analysis
per ISO-2631: guideline on RUN-26 P-seat
whole-body vibration (WBV) F

17 - MAYY- 94 13 .18.59

Sensor .... P-seat
Course .... #1 APG
Speed..... 13 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... .ILA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50,40 0.0000 0.0000 0:01 0:01 0:01
40.00 C.OCOO 0.0000 0:01 0:01 0:02.
31.75 0.0000 0.0000 0:01. 0:01 0:01
25.20 0.0000 0.OCOO 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01. 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:03
25.20 0.0000 0.0000 0.01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.0/00 0.7566 0:12 2:13 6:13
3 1.7 0.17800 0.G944 0:14 2:31 7:01
1.00 1.3800 0.G900 0:15 2:33 7.05
4.00 0.4300 0.4300 0:44 5:13 13:15
2.52 0.3200 0.2540 2:00 10:42 27:25

"111teill~av unlp ' qfliduids Oianiza1 iorn ISO 2C31 Comfort ... hcdu, -.d :o,nf it boundal iy

ýat- , .. Fatý),ujt decceaued pufic,.,'y boundauy

II,:al h . }lca~tA. Und fjIf ty exIC ' . llmit
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HSEL: Health and safety exposure Nmit X: '"odhal RU N'26 P-seat
FDPR: ratigue -decreased proficiency bou jary Y TansvrseR

RCR: Reduced comfort bocndary
as: Vibraton R MS. acceleration mijs2i Z: Veual May 20, 1992 PLS truck

Exposure: 10'i Ont, jRCB .FDPB HSEL

(Hz) RMS/FEiB I -I - - - ,
X 0O0/01191

1.00 Y 000 /0.191
Z 1.38 / '36

X O0010.191
1.26 Y o0 oo0os9

Z 0.11 /0.477

X 0001/0191

1.59 V 000 /01s91
Z 0.16 /0.425 :

X 0.00/0191

2.00 Y 000 10191
Z 1.07 /0.379 :. . .. -- : : :. ::

X 0.00/0241

2.52 Y 000 /0.241
Z 0.32 /0.338 " .....

X 0.00i0303

3.17 Y 0.00io303
Z 0.78 10.301 a

X 00/10.383
4.00 Y 0.000,.383

Z u.43 1 0.268 ." { " -:- ::

X 0 00: 0 482
5.04 Y 0.00 /0.482

Z 0.18/0.268

X 000/0608

6.35 Y 000/0608
Z 0 - 1/0.205 .

)' 0.00 / 0.760

.1 0.23 r 0.268 .. . .. ... ,v,>,,-,:..x ..-....

A 00U /0.957

10.00 Y 000 '0.957
Z 0 200 3:" . .

X 0.09/ 1 206

12.60 Y 0.00 1.20C6
Z 1. /0.422

X 00011 519
15.87 Y 000/1519

Z 0.21 /0.b31 '. . ..

X 00011914
20.00 Y 000/1.914

Z 0lb/0670

X 0002411

25.20 Y 00012.411
Z 0150844

X 0 O / 3.038

31.75 Y 0Or)3.038
Z 0 13 / 1 063

X 00031,27
40.00 Y 000f3827

/ 011/11340

X 000/4.823

50.40 Y 00014823
7 0 11 1 1 688

X 0,0/16 076
63.50 Y ooot060r1

Z 007/2127

0.1 1 .0 RMS/FDPB ratio 10

17 MAY.94 13 1 5j - -" '- 'T '-- - , - r--r , -- --1-l 0- -' r5U --T-T ' -- " -I T - '-- ' -

-20 -10 0 (dociBela) 10 20

Course: #I APG
Speed: 13 mph
Note: H1JA of PLS truck, passenger (seat)

57



USAARL summary of analysis
per ISO.-2631* guideline on [RUN-26 D-seat
whole-body vibratioii (WBV)

17-MAY-94 13 :18:59

Sensor.... D-seat
Course .... #1 APG
Speed ..... 13 mph
Vehicle. PLS truck
Date ........ May 20, 1992
Note ...... HFk of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure

weighted RMS accelerations (m/s;) before reaching ISO limits*
(given in hours:minutes)

X: Lougituainal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0!01
E0.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 p.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

L (Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.1200 0.7920 0:11 2:02 5:50
1.00 1.4800 0.7400 0:13 2:16 6:26
3.17 0.7600 0.6766 0:15 2:39 '7:16
4.00 0.4600 0.4600 0:37 4:43 12:11
6.35 0.3300 0.3300 1:16 7:33 1-8:30

International Standards OrqanizatLion 16O 2631. Comforr ... kuduced comfort boundary

Fatiguc ... Fatique-decreased proficiency boundaiy

PecaIlh ... Ifaith and safety eXposou1 iunt.
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HSEL: Health and alnety G)XDOSrJ Imit X: Longiudinal RUN26 D-seat
PfOPB Fatigue-decreaied proficiency boundary Y: Transverme R 2-

RCe: Reducod C -ilforl boundary
RMS: V bration n.M.S icceloration (m/s2) Z: Vertcal May 20, 1992 PLS truck

Exposure: 10h Om RCB FDPB HSEL

(Hz) RMS iFDPB -7LLL1. -T__

X 0.0010.191.

1.00 Y 00010.191
Z 1.48 ;0.536 . . :`:.: .. I.. - ::: .... -

x 0.00/0.191

1.26 Y 0.0010.191
Z 02.12 1 0.47-,

X 0.00/0.191
1.59 Y 0.00o/0.191

Z 0 16 /0.425

X 0.00'0.191

2.00 v 0.00/0.191
Z 1.12/0.379 

.......

X 0.00/0.241

2.62 Y 0 o /.241 04
Z 0.31 /0.338 . .. .... .... ..... .

X 0.00.' 0.303

3.17 V 0.00/0.303
Z 0.76/0301 ... ________

X 000/0383
4.00 V 0.00/0 .33

Z C.S8 / 01268 ."'.-........

X 0.00/ 0 482

5.04 Y 0.00/00482
Z 0.20 /0.268 /

X 0.0/0 0.608
6.35 V o0. o0o08

2 0.33/ 0.268 :

X 0.00/0.760

7.94 Y oo / 0o-/160
Z 0.18 /0.268 . .......

x 0.00 / 0.965
10.00 Y 0.00/ 0o957

2 0.19/0.335 .

X 0.00/1.206
12.60 V c.00/1.206

Z 0.19/0422

X 00)/1.519

15.87 y o oo/1,19
Z 0.34 / 0.531

X 0.0011 914
20.00 Y 0.0011 91 4

Z 0.16/0.670

X 0.00/2411

25.20 Y 0.00 /2.411
Z 0.16/0.344

X 0 00 / 3.038

31.75 y 0.00/3.038
2 0.12/1.063

X 0.00/3827

40.00 Y 0o00/ 327
Z 0.11 /1.340

X 0.00/4.823
50.40 Y 000/4823

Z 011 /1688

X 000/6.076
63.50 Y 000/6.07b

Z 0.07/2.127
0.1 1.0 RMS FDPF ratio 10.

-20 -10 0 WdociBels) 10 20

Course: #1 /,PG
Speed: 13 mph
Note; HIA of PLS truck, driver (seat)
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USAARL summary of analysis
per ISO-2631* guideline on RUN-27 P-seat
whole-body vibration (WBV)

17 -MAY-94 13.)8 59

Sensor .... P-seat
Course .... #1 APG
Speed ..... 14 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... HHA of PLS truck, passenger (seat)

Third-octave bands with greaCest Durations of WBV exposure
weighted RMS accelerations (m/Is 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:02 0:01
31.75 0.0000 0.0000 0:01 0:01 0.01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFCrt' FATIGUE HEALTH

2.00 2.0600 1.4566 0:01 0:37 2-20
3.17 0.8100 0.7211 0:13 2:23 6:39
4.00 0.6300 0.6300 0:18 2:57 8:00
1.00 1.2600 0.6300 0:18 2:57 8:00
6.35 0.4200 0.4200 0:47 5:24 13:41

* Inte)naLional Standards orgariization ISO 2631: Comnfort .. Reduced comfort boundary

Fatigue ... Fatiguc-decreased proficxczicy boundary

Health ... Health and safety exposuze limit
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HSEt: Health and safety exposure i..nit X Longitudinal RUN-'7 P-seat
FDPB" Fatigue decreased p*otrciency boundary y. Transvarse RUN-2 P-s.a1

RC8: Reduced comfort boundary
RMS: Vibration R.M.S acceleration tm/s2) Z: Vertcal May 20, 1992 PLS truck

Exposure: 1Oh Om RCB IFDPB IHSEL

(Hz) AM$ / rDPB Jý _~---'.z=r=~-l~A.~.~jLA J J J J J±

X 000/0.191
1.00 Y 0.00o0.191

Z 1.26 0.536 X:

X 0 G0.191
1.26 Y 000:0.191

Z 011/0.477

X 0.00/0.191
1.59 Y 0.00/0.191

Z 0.31 /0.425

X 0.0010.191
2.00 Y o.ooo01 91

Z 206/0-379 .. .:..

X 0.00/0.241
2.52 Y 0.0010241

Z 0.37/0.338

X O.000 / 0303
3.17 Y 000/0.303

Z 0.81 /0.301 WON

X 000/0.383

4.00 Y 000/0.383
Z 0.63 /0.268

X 00O10.462

5.04 Y 000/0.482
Z 0.39 / 0.268 .: : :

X 0.00/0608
6.35 Y 0.00/0.608

Z 0.42/0.268

X U).OU /U. /bU

7.94 Y 000/0.760
Z 0.34 /0.268

X 0.00/0-957
10.00 Y 0.00/0.957

Z 0.26 / 0.335

X 000/1 206
12.60 Y 0.00 ; 1.206

Z 0.26 /0.422 .. .. , . ..

X 000/1.519
15.87 0.00/1.519

Z 0.27 1 0.531

X 000/1.914
20.00 Y o oo/1 !14

Z 0.22 / 0.570

X 0.00/2.411
25.20 y 0.00/2.411

Z 0.19/0.844

X 00013038

31.75 Y o.0o/3.038
Z 016/1.063

X 0O0/3.827

40.00 Y 000/3.827
Z 0.14/1.340

X 0.00 / 4.823
50.40 Y 0.0014.823

Z 0.11 /1.686

X 000/6076

63.50 Y 0.00/6.076
Z 0.10/2.127

0.1 1.0 RMS/FDPB ratio 10.
I J . . - -- J• -- L-Z-- _L--J -. _ _ - -4._. -:J-- --

17-MAY-94 1318:89 I -- -- T -- t---r-'- r- - , •- - - - - -1 - - -- -- -I

-20 -10 0 (dUciBeli') 1i) 20

Course: i1 APG
Speed: 14 Tnph
Note: IHH-A of PLS truck, passenger (seat)
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USAARL sunimary of analysis
per ISO-2631* guideline on RUN-27 D-seat
whole-body vibration (WBV)

17-MAY-94 13:18:59

Sensor .... D-seat
Course .... #1 APG
Speed ..... 14 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... H.HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:mirnutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:03. 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01.

Y: Transver3e

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0.01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 2.1600 1.5274 0:01 0:34 2:10
1.00 1.3000 0.6500 0:16 2:48 7:41
3.17 0.6900 0.6143 0:18 3:03 8:18
4.00 0.5900 0.5900 0:20 3:15 8:45
5.04 0.5100 0.5100 0:30 4:03 10:38

International Standards Otganization ISO 2631: Comfort ... Rcduccd comfort boundary

Fatigue ... Fatigue-decreased proficiency boundary

Hcalth . Health and safety expouure limit
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HSEL: Health and ssfety exposure .... X: Lungitid,nI aUN-2. D-sr a.
FOIPB: Fatigue--decrtaseod proficiency bounda', 7: Transverse N -, 7 D- et

RCB: Reduced comfort boundary
RMS: Vibraton R.M.S. acceleration lm/s2) Z: Verical May 20, 1992 PLS truck

Exposure: 10h Om RCB FDPB IIISEL

(H z ) RM S F P .. . .r ----- I -"- I - -----

X 000/0.191

1.00 Y 0.00/0.191
Z 1.30 /0.536 : , :: . : :: -: : : :: :: : : .

X 0.00/0.191
1.26 Y o.oo/o.191

Z 0.11 /0.477

X 0.00/0.191

1.59 Y o.oo/o.191
Z 0 .32 10 .4 25 ...... .... .. :... :. .....

X 0.00/0.191
2.00 Y OOO/O.191

Z 2.16/0.379

X 0.00/0241
2.52 Y 0.00/0.241

Z 0 .32 /0 .338 .• . ....... . .- ..........

X 0.00/0.303
3.17 Y 0.00/0303

Z 0.69 /0.301 " " ............. :.

X 0.00/0.383
4.00 Y 0.00o/0.383

Z 0.59 /0.268 ...........

X 0.00 / 0.462
5.04 Y 0.00o0.482

Z 0.51 /0.268

X 0.00/0.608
6.35 Y 0.010.608

Z 0 .4 1 /0 .268 ..:: : .. :.:. :: .:.:::: .:.:: .:

X 000/0.760
7,94 Y 0.00/0.760

Z 0.38 / 0 .268 . .8. . . ......: ... ........

X 000/0957
10.00 Y 0.00 oý957

Z 0.36 /0.335 .U

X 0.00/1.206
12.60 V 0.00/1.205

Z 0.35 / 0.422

X 0.00/1.519
15.87 Y 000 1.519

Z 0.42 /0.531

X 0.00/1914
20.00 Y 0.00/1 914

Z 0.21 /0.670

X 0.00/2.411
25.20 y oo0.02.411

Z 0.20 / 0.844

X 0.00 / 3.028
31.75 Y 000/3.038

Z 0.17/1.063

X 0.00/3.827
40.00 Y 0.0.•/3.827

Z 0.15/1.340

X 000/4823
50.40 Y 0001/4823

7 0.12 / 1 688

X 000/6076

63.50 Y 000/6076
Z 0.11 /2.127

0.1 1.0 RMS/FDPB ralio 10.I _ __ --- -- A- - --- _J.L.J _ .4. ._.__ J - , .. . . l .1 L_ J

17 MAY 94 13:193:59 r ----- ,t- T-- -1r~-rr ~ ~ -J.

-20 -10 0 (dociBels) 10 20

Course: #1 APG
Speed: 14 mph
Note: HIHA of PLS truck, driver (seat)
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US1LAhL FumztA:-y of analysis
per ISO-2631* guideline on RUN-33 P-seat t
whole-body vi.uration (WBV)|-•

17-MAY-94 13:19 02

Sensor.... P-seat
Cou- se .... #5 APG
Speed. 5 mph
v -ehie... PL- truck

Date ...... May 20, 1992
Note ...... HHA of PLS truAk, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
w~.ighted RMS accelerations (m/s 2 ) before reaching iSO limits*

(civen irn hours:minutes)
X: Longitudinal

(Kiz) actual weighted COMFORT FA' IGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50 40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y- Transverse

(0iz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0 0000 0:01 0:01 0:01
•0.40 0.0000 0.0000 0:01 0:01 0:01
40 00 0.0000 C.0000 0:01 0:01 0:01
3175 0.0000 0.0000 0:01 0:01 0:01
25 20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.2400 0.8760 0:11 1:44 5:03
1.00 1.2400 0.6200 0:18 3:01 8:11
3.17 0.5400 0.-807 0:34 4:26 11:30
4.00 0.3500 0.3500 1:09 6:58 17:13
6.35 0.3300 C.3300 1:16 7:33 18:30

InrtcrnatLioral Sranda j. 30rg,.. zatlon ISO 2031. Comrfort ... I}cduccd comfort boundary

Fatigae Fatigue decreased proficiency boundary

1lealth 11calth and safty nx-'osure I init
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HSEL" Health ar.d safety exposure Irmit X. Long-tudnai RUN-33 P-seat
FODP: Faigue-decreased proficiency boundary Y Transverse

RCB Reduced comfort bnrndary
AMS: Vbration I.M.S .CC..leat.or, (.,,.2; Z; Vertical May 20, 1992 PLS truck

Exposure: 10h Om RC, IFDPB LHSEL
.. .... . ............ .. . .: . .. . . .. . . _

(Hz) rMS / F0P8 - -- T -- 1

1.00 V 000/0191

Z 1 24 /0 536 .. ... .... ... . .....

X 0.00 101911.26 Y 0.o00o1 .1.
7 0.10/0.417

X 0 00 /0,191

1.59 Y o ooo"91
Z 0. 1 /0425

X 000/c 191
2.00 v o0ooc,ý i1

Z 12410-,9 -v......

X 000/0241
2.52 V o0oo00241

Z 0.23 / 0,336 ......

X 0.00 /0.303
3.17 V 0.00 o3.303

Z 0.54 / 0.301 .. ...

X 0.00/0383

4.00 V 000/0383
Z 0.35 / 0.238 ...-.......

X 0.00/0482
5.04 Y 0.00 /0482

Z O.28 / 0.268 ..... .. . .. :

X 0.00 / 0.608

6.35 V 0.00/0608
Z 0.33 / 0.268 ..... .......

x 0.,30 ;.GG
7.94 N ( Lo o /obU

Z 0.24/0268

X 000/0.957
10.00 V 0.00/0957

Z 0.22 /0.335

X 000/1.206
12.60 Y 0.00/1.206

Z 0.22 / 0.422

X 000/1.519

1 5.r7 V 0.00o;1519
Z ... .......0......./.0.

X 0.0011 914

20.00 Y 000/1914
Z 0.20 / 0.670

X 000/2411

25.20 Y 0.00 / 2.411
Z 0.14/0.844

X 0.00 / 3.038
31.75 0.00o/3038

Z 0.13/1.063

X 000/3827
40.00 V 000.3827

Z 0.12/1 340

X 000/4823
50.40 V 000,4823

Z 0.10/1 188

X 000/6.076

63.50 V 000/6076
Z 0.08"2 127

0.1 1.0 RMS/FDPB ratio 10.

17-MAY-94 13.1902 T-- 4 -r ---1 , r -t - -r'•-' - -r , --r -i r - - --r ----- -- -

-20 -10 0 (deciBels) 10 20

Course: ft5 APG
Speed: 5 mph
Note: HHA of PLS truck, passenger (seat)
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USAARL sunmary of analysis
per ISO 2631* guideline on 3 D-seat
whole-body vibration (WBV)

17-MAY-94 3 :19 02

Sensor .... D-seat
Course .... #5 APG
Speed ..... 5 mph
Vehicle... PLS truck
Date ........ May 20, 1992
Note ...... l.IA of PLS truck, driver (seat)

2hird-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

.z) actual weighted COMFORT FATIGUE HE-JjTH

63.50 0.0000 0.0000 0:01 0:03. 0:01
50.40 0.0000 0.0000 0:01 C Nl 0:0l1
40.00 0.0000 0.0000 0:01 0:01 0:0131.75 0.00 0jo 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:02. 0:01 0:02 ,

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 000CLO 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
4U.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:1 ( 01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEP, LTH

2.00 1.0900 0.7707 0:12 2:09 6.03
1.00 1.0,700 0. 50 0:30 3:46 10:00
3.17 C.5100 0.4•4,i 0:40 4:48 12:22
4.CO 0.3,100 0 3400 1:13 7:15 17:50
6.35 0.280u 0.280,, 1:42 9:26 22:37

* ,tatL:iuna1 Sta3iudardz )r<J3iizzit.n ],O 2.' 3I1 C'mnlot. . . 'du,.d conmort I.,undarv

FaLigue ... Fatiguc-decreased protlciency >oundary

111!al 10 - - a.ýai d safeLy eJi•q ui 1 lirL
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HSEL" Health and safety exposure imit X Long1tu0 ,,..l RUN.3 D-seat
FDPB: Fatgue.decreased proiciency boundarv Y Tansvese

RCB: Redu-ed contifort boun•dary

RMS: V,b.ra.on .M.S. .ccel.a.n. in,/s2) Z Vertcal May 20, 1992 PLS truck

Exposure: 10h Om RCB FDPB IHSEL
:... : .: ~ ~~~~ ~~ ~ ~~.. .;:::~: .:ii ~: ... ... :::"::.:"

( H z ) R M G ,/ F D P B 1 ,_ , . . --_,_, , , _-'-- -- - -- -- _ _.. . . I

X 000/0191
1.00 Y 00010131

Z 1 07 , 0.536

X 00010.191
1.26 v 0oOo0191

2 G09 o0.477

X 000/0.191
1.59 N, 0.00/0.191

Z 0 16/0.425

X 000/0.191
2.00 Y 0.0010191

Z M 09 /0 379

X 0.00/0.241
2.52 Y 0.00/0.241

Z 0.22 /0.338 .......

X 0.00 / 0.303
3.17 Y 0.000C303

Z 0.51/0.301 .. :. . ...... .... :....

X 0.00/0.383
4.00 Y 0.00/0.383

Z 0.34/0.268 : : : : :

X G.00 ( 1482

5.04 Y 0.00o0482
' .28 / 0.268 - ..... •.

x 0.00/ 0 608

6.35 Y 000/0608
Z 0 .28 / 0 2 6 8 :: ...... . .....

X 0.00;0.700
7.94 V 0.0o , 0760

Z 0.22 10.2268

X 000/0957
10.00 N 0.00/0.957

2 0.21 /0 335
Y1 0.00/1.206

12 30 Y 0.00.1.206
7 0 17/0422

X 0.00/1 519
15.87 Y 0o1, 519

Z 0.25 / 0.51-1

X 000/1.914
20.00 Y o00O1 914

7 0 1k10670

.1.00 2 41 1

25.20 Y 000/241,
Z 011 '0.e44

X 0.00/ 3 038
31.75 Y -!J 303

Z 0.12/1.0r?

I 0.00:3827
40.U1 o 000, 3 27

L, 0 1 1/1 340

x 000/4 .:3

30.40 Y 000/4.t 3
Z 00811688

S0.00 /6 071

63.50 - v rxo1 6 b
Z 0.07/2 127

0.1 1.0 RMS/FDPB ratio 10.
1 7MAY.!94 13 19 02 1 -T -'•-I- -A-7 , • • T•1,]

-20 -10 0 (deciBe,-) 10 20

Course: #b APG
Speed: 5 mph
NoLe: tIttA of PLS truck, driver (seat)
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USAARL summary of analysis -
per ISO-263,Y guidelinu on UN-34 P-seat
whole-body vibration (WBV)

27-MK.Y-95 12:19.u3

Sensor .... P.-seat
Course .... #5 APG
Speed ..... 7 mj.n i
Vehicle... PLS truck
Date ...... May 20, 1q92
Note ...... H.L_ of PbS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accel .ations (m/s 2) before reacting ISO lirnits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT TPkTIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 6:01 0:01
40.00 0.0000 .0000 0:01 0:01 0:02
31.75 0.0000 0.0000 0:01 0:01 0:01
25.2- 0.0000 0.0000 0:01 0:01 C31

Y: Transverse

(hz) :ictual weighted C0O20OR'/ FATIGUE 11EALTH

63.50 0.00;!" 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:U1. 0:01 0:01
40.00 0.u000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:03.
25.20 0.0000 0-0000 0:01 ,,:01 0:')i

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE IIEAL-'H

2.00 2.5900 3.9314 0:01 0:22 1:36
1.00 2.9400 V.4700 0:01 0:3'1 2:17
5.04 0.6o00 0.6600 0:16 2:45 7:3j
3 17 0.7200 0.6410 0:16 z:53 7:50
6.35 0.5800 0.5800 0:22 3:20 8:E-1,

*InterzjaLtizya' Standaids Ox .. '.t U T S' 2 1 rmft r ruedoce m• - cu '_ boun,' r,'

Fat igu'Ž Fatiyu2z-d,,crvased prof!i ciency brir-dry

P. ilth - H iu1th awl safe' y exy:cn!urc ,nrl
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HSFI. Hat|h ad safety CxPs....e I- 2 'orodna. RUN-34 P-seat X
F DPO Fftl1,,e dq .reased proflce tyncy Y 1 rbr.,e ýo R

RCB: Reducad cumforl bound3ty
EMS Vrb'at,,,i R M.S acceleration (m,/s21 Z Ve'ia May 20, 1992 PLS truck

Exposure: 1Oh U.n !RCc2  IFDPR H:lL

'Hz) WAS / FOI D 5 s ''" " :" : : : -L-- I

X< Coo0:0.191

1.00 V 0O00,/0.10*
Z2 94/0 5 3C..

X 000/0.191
1.26 Y o000 19'.

7 U 24 / 0 477

0.00 /1.191
1.59 Uo0o:0191

Z 038/0.426 .

y 00G/0.019

2.00 v 0.00.:0 191
Z2 259 10 .3 70 nu w
X 0.00 10.241

2.52 V 0.001 /241
Z 036 /0 338

Y< 0G00,0303
3.17 Y 000/C303

Z 0 .7 2 /0 3. 0 1 - :- , - : .. ,' N uw:n.
X 0.O', 0 3L'3

4.00 Y IDA", 1 ,3 3b
Z 0 .5 0 / 0 2 6 8 .: ........ . I.

X 0.00 /0 4P2
5.04 Y 00010482

Z 0 66 0 268 " 2

X 0.00 /0.60B

6.35 V c 0o00 boa
Z 0.59 /0.268

X 0.00 / 0.76)7.94 , ,,•o,•v -
Z 0.46 / 0 .268 - : - " -

:' 0.00/0957
10.00 V 0o Mo957

Z7 0.38 '0.335 :

X 2 < 0 / 1.20b

12.60 Y Co0120C
7 044 0 4Z2.

X 0 00 1.,19

15.8/ Y 000'1 59
043 /0 531 : : : : . '

X C 0,0/1914

2000 V 0../1914
Z 0.22 10b670

X 000/2411

25.3V 0.00/ 2 411
2 0.21 /0844

X 0 GO /3 938
31.75 Y 0,003035

Z U.12 /1 063

X 0 001'827

40.00 Y J 00,o.32/
Z '.12 1 340

X 00/. O4823 487
50.40 Y 0G0/4823

/ 0.1 1 /1.683

X U 00 f/6 076

03.50 V 0o00/,76
Z 009/2.127

0.1 1.0 RMSIFDPJ ratio 10.

17-MAY-94 13 1.2 03 l 1• - - --- •, • •

"-20 -10 0 (deciBels) 10 20

Course: 415 APG
Spe:--d: 7 mph
Note: HIIA Ft PLS truck, passenger (seat)

69



USAARL summary of analysis
per ISO-2631* guideline on RUN-34 D-seat
whole-body vibration (WBV)

17-MAY-94 13:19:U3J

Sensor .... D-seat
Course .... #5 APG
Speed..... 7 mph
Vehicle... PLS truck
DI-te ...... May 20, 1992
Note ...... .HHA of PLS truck, driver (seat)

Third-octave bands with greatest DuritionS of WBV exposure
weighted PvS accelerations (1n/s 2) bef';.rz. reaching ISO l.imi.ts*

(siven in hours :rnutiLes)
X: Longitudinal

(Hz) actual weighted CQMF OR; FATIGUE "Ir:A2II

63.50 0.0000 0.0000 0:01 0:01. 0:01
50.40 0.0000 0.0000 (:0e 0:01. 0:01
40.00 0 . 0000 0 . 0000 0-.01 00 : 0 1 0 : 0.
31.75 0.0000 0.0000 0:01 O:0.1 0:01.
25.20 0.0000 0.0000 0:01 0:01 0:0i

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE hEAl Th

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:03.
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 2.7600 1.9516 0:01 0:18 1:25
1.00 3.0600 1.5300 0:01 0:34 2:10
3.17 0.8800 0.7834 0:12 2:04 5:56
6.35 0.7600 0.7600 0:12 2:12 6 :i1
5.04 0.5700 0.5700 0:24 3:27 5':ii

* Inteirnat.lona] Staidards OrgamjzetLon ISO 2631: ComforL ... P tduced cumiort kboundaiy

Fe,-igue ... fatuqut dcczreaed jrioficiency bound'iy

ealth ... fleal th and safCLy e:q'oX orC limit.
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"-SFL Health and Safety expo..e lrmi X Lc:,.l...l -5N134 D -sa
FDPS Falgue-decraased proficiency bojndac y Y: Transverse R ,,sI'

RCB fqduced c;criiforf boundary
riMS Vibration P.M... accleraton(m/s.) Z Verical May 20, 1992 PLS truck

Exposure: 10h Om jRCB IFDPS HSEL

(H z) RMS /,toPS ........ . . - ----.. ..-- ..... ... -

(Hz Af I Ir DB 1 --- - -

X 0.00 i 0.191
1.00 0000.o1o31

7 3.06 0.5 36 . .-... : :: . .....

X 0.00 0 191
1.26 Y 000o0o 1 91

Z 0.25 1 0.477

X 0.00,10191

1.59 Y o 01o0191
7 041 10.425 :0

X 00010.191
2.00 000o0o1o91

Z 2.76 0379

X 0.00 0241
2.52 Y 0.00o024 1

Z 0.41 0338 ::- : Y

x 0.00 0 303
3.17 Y 0.00 o.303

Z 0 8G/0.301

X 0.00 101333
4.00 Y 0.00 f 0 383

2 0.46 / 0.266 . . . .m....

X 0.00/0482
5.04 Y 0o00(0482

Z 0.57 /0 268 .

Y 0.00 / 0.608
6.35 v o0ooo0oo8

2 0.7610 268 . :

X 0 00/07607.94 Y 0.00 '0.760
Z 0.44 10.268 . ." '-

Y, 000/0957

10.00 Y 0.00 10 9•7
Z 0 35 10 335 :

X 0.00 1.20iC
12.60 y UO/1 .2( F

Z 0.471 0.422 : -

X 0.00/ 1.519'5.87 Y o oo • •,
Z 0.6 1 0.531 . 7 . - a
X 00011914

20.00 Y 00,3/1.914
Z 0 25 t0.670

X 000/2411
25.20 Y 0.00/2.411

Z 0 2810.844

X 0.00/3038
31.75 Y 000/3o038

Z 0.14(1 063

X 0 00/A.827

40.00 Y 0.00/3.827
Z 0 12/1 340

X 000/4.823
50.40 Y ooo0/4.P23

Z 0.1211.688

X 000/6076
63.50 Y 00016 07

7 0.09/2.127
0.1 1.0 PMSM-JDPR ratio 10.

17 MAY 94 13 19.03 'rt ~ 't--r jt~trn11 ~ rf r--r'-j' ' -~1 rT"

-20 -10 0 (decBe:s) 10 20

Course: 4t5 APG
Speed: '7 mph
Note: HHA o t •S truck, driver (seat)
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USAARL summary of analysis
per ISO-2631* guideline on [ RUN35 P-seat
whole-body vibration (WBVL

17-MAY-94 13:19:03

Sensor .... P-seat
Course .... #5 APG
Speed ..... 6 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... HHA of PLS truck, passenger (seat)

Thi-d-octave bands with greatest Durations of WBV exposure
weighted FMS accelerations (m/s 2 ) before reaching ISO iimits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORI F'ATI2UE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
5C.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:Cl
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 u:0l
50.40 0.0000 0.0000 0:01. 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

1.00 3.0900 1.5450 0:01 0:33 2:08
2.00 1.S400 1.0889 0:01 i:12 3:41

3.1'7 0.8700 0.7745 n:12 2:08 6:01
6.35 0 6300 0.6300 0:18 2:57 8:00
4.00 0.5200 0.5200 0:30 3:57 10:22

Inteijnational Standard! Orinization ISO z631 Confort R.educe,1 comfort. boundary

Fatigur .. Faxlgu,'-d!cjrased proficiency boapd,:cy

Hlalth l-iIalth anrd va, ot-t; exrosure 1lt L
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HSEL: ,ealth ard safety exposure knit X; Lon•,,udnaI RU 35 P-seat
FDPR: Fatigue-decrensed proficiency boVndary Y Transverse

RCB: Reduced comfor boundary
RMS: Vibration R.M.S. accrleration (m/s2) Z re,.. May 20, 1992 PLS truck

Exposure: 1Oh Om RCB FDPB IHSEL

(Hz) RMS I FOPB .- -- L- ,-- ....- '.--T _ -- L- ------- _-- 1-. .

X 000/0.191
1.00 Y 000o0o191

Z 3.0910.536 " E

X 000 0.191

1.26 Y ooo/o191
Z 0.251 0.477

X 000/0.191
1.59 V 000/0.191

Z 0.23 0425

X 0.00/0 191

2.00 Y 0.00 /0.191
Z 1.54 /0.379 .. ... .. .. ...... ...

x 000/0 241
2.52 Y 000/0.241

Z 0.37 /0.338 0:

X 0.00/ 0.303

3.17 Y COO / 0.303
Z 0.87/0.301

X 0.00/ 0-383
4.00 Y 000/0.383

Z 0.,52/0.263

X 0.00' 0.412
5.04 Y o0 o/04•2

Z 0.51 /0 268 .... .. ....

X 0.00 / 0.608
6.35 Y 000/0608

7 0.63 / 0.268 . .... .

A U LIU U- /bU
7.94 Y 0.00/0.760

Z 0 45/0 .268 ..... .....

X 0.00 / 0.957
10.00 Y 0.00/ 0ý57

Z 0.34 / 0.335 .: : - : -: .

X O.00 / 1.206
12.60 Y 0.00/1.206

0.41 / 0.422

X o00/1.P19
15.87 Y 000/1519

Z 033/0 531

X .00/1 914
20.00 Vy 0.00/1 914

Z 018/0.670

25.20 V 00D/2411
7 C 2110.844

X 000/3 03B

31.75 Y 0.00/3.038
Z 0.14/1.063

X 000/3.827
40.00 Y 000/3.827

Z 0.12/1 340

X 0.0ý, / 4 82350.40 Y 000/4823

Z 012/1.688

X 000 /G076
63.50 Y 000/6076

2 0.10/2.127
0.1 1.0 HMS/FEJPB ratio 10.

17 MAY-94 13 19 03 ý'' - --- - - -,

-20 -10 0 (d'ciBels) 10 20

Course: #5 APG
Speed: 6 mph
Note: IIHA of PLS truck, passenger (seat)
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USAARL sunmiary of analysis
per ISO-2631* guideline on RUN-35 fD-seat
whole-body vibration (WBV) F

17-MAY-94 13:19:,3

Sensor .... D-seat
Course .... #5 APG
Speed..... 6 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... RHA of PLS truck, driver (seat)

Third-octave bands with greatest. Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:012
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:02.
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2-)0 2.3400 1.6546 0:01 0:30 1:53
1.00 3.0700 1.5350 0:01 0:33 2:09
3.17 0.8700 0.7745 0:12 2:08 6:01.
4.00 0.5000 0.5000 0:32 4:11 10:56
7.94 0.4800 0.4800 0:34 4:26 11:30

Internatona] Sturidardj3 O anzt IS' 2631. Comfort ... Reduced comfort boundary

aLgl . at .- dccreasd .proficiency boundary

Healti .. ealt'hLl and satety exposure limit.
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HSIEL: Health and safety exposure linil X Longitudinal RUN-35 D-sea.
FDPB Fatigue-decreased profI•lency boundary Y Traiisverse

RCB: Reduced comrfort boundary
RMS: Vibration R.MS. acceleration (M/s2) Z: Vercal May 20, 1992 PLS truck

Exposure: 1Oh Om !RaCB FDPB IHSEL

(H z) RM S / FDPB _ ' '_I "
X 000/0191

1.00 Y 000o0o.91
Z 3.07 10.536 .:. ..: . .. ..

X 0-00/0.191
1.26 y 000/0o191

Z 0.25/0.477 - " ...

X 0.00/0.191

1.59 Y 000 /0.191
Z 0.35 i0 .425 . . : : :. :: ....... . .

X 0.00/0 19`1
2.00 Y o.oo0 0.191

Z 2.34 /0.379 WAN

X 0.00/0.241

2.52 Y 0O. /0.241
7 0.40 /0.338

X 0.00 / 0.303

3.17 Y 0.00,0.303
Z 087/0.301

X 0.0X / 0.383

4.00 Y 0.00 0 383
Z 0 50/0.268 . . . .... .. :: Z

X 000/0.482
5.04 Y 0.00o/0.482

Z 0.34 / 0.268 .. .: : :

x 0.00 /0.608

6.35 v 0.00/0608
Z 0.46/0.268

X 0.00,0.760
7.94 Y 0.00/0.760

Z 0.48/0.268 . .

X 000/0957
10.00 " 00010.957

2 0.31 10.335

X ') 00 / 1.206
12.60 Y 0.00o1.206

Z 0.42 1 0.422 . " . . .. .- ...

X 0.0011.519
15.87 Y 000/1.519

Z 0.40 10.531 ........ .. ......

X 0.00/1.914
20.00 N' 0.00/1914

Z 0.21 /0.670

X 0.00/2.411

25.20 Y 0o00/2.411
Z 0.22 / 0.844

X 0.00 13.038
31.75 Y 000/3.038

Z 0.15/1.063

X 0.00/3.827

40.00 0o00 13.827
Z 0.1211.340

X 000/4.823
50.40 Y 000/4623

Z 013,1688

X 0.00/6.076

63.50 Y 000/6.076
2 0 10/2.127

0.1 1.0 PMS/FDPB ratio 10.
17.MAY.34 13-19.03 I "---- ~ --- • n • - -t -- - t 1 T-' • 't - -r-

-20 -10 0 (deciBcl,) 10 20

Course: i 5 APe
Speed: 6 mph
Note: HHA of PLS truck, driver (seat)
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USAARL summary of analysis
per ISO-2631* guidel.ine on i RUN-36 P-seat
whole-body vibration (WBV)

17-MAY-94 23:19:04

Sensor .... P-seat
Course .... #4 APG
Speed..... 10 mph
Vehicle... PLS truck
Date ...... May 21, 1992
Note...... KRA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUIE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:02 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weichted COMFORT FATIGUE HEALTH

4.00 0.4800 0.4800 0:34 4:26 11:30
3.17 0.4700 0.4184 0:47 5:24 13:45
2.00 0.5900 0.4172 0:47 5:26 13:48
5.04 0.3100 0.3100 1:25 8:12 20:00
6.35 0.2700 0.2700 1:49 9:53 23:37

* Internat.ional Sta'" ards Organizatori I-SO 2631- Comfort ... Reduced comfort boundary

Fati.que ... FatLiyu-dectcased ptoficiezicy bouridaty

Health Health and safety cxposurc limit
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HSEL. Health and safety exposure limit X Longaud.nal RUN-3 P-seat
FDPB: Fatigue-decreased profciency boundar, Y- Transverse R P-set

RCS: Reduced comfort boundary
RMS: Vibratio.n R.M.S. acceleration (m/s2) 2 Vri,"I May 21, 1992 PLS truck

Exposure: 1Oh Om RCB FDPB JHSEL

L...J....- 1.~L.A- .~ .1.... .. .. ... .. ..~ -. . . _ __________

(Hz) RMS I FDPB T

X 0.00 /0191
1.00 y 0.00 /0.191

Z 0.28 I 0.536...........

X 0.00/0.191
1.26 Y 00010.191

Z 0.02 / 0.425

X 0.00 / 0.1911.09 Y ooo0n1091Z 0.09 /0.427

X 0.00,0.191

2.50 V o00/0.191
Z 0.59 / 0.343
X 0.00 / 0.241

2.52 v 0.00 0.2412 0 .1 9 / 0 .33 80 1 -X: : .. ..... .....:. . .....

X 0.00 /0.303:3.17 Y 0.00/0o303

4 0.00 / 0 .383
X 000/0.363

x 000o/ 0.482

5.04 Y 0.00 /o0482
Z 0.31 / 0.268

X 0.00/0.608
6.35 ooo0o/6o8

Z 0-27/0.268

X 0.00/ 0.760
7.94 V00 oooo060o

Z 0 2210 2[8

X 000/0957
10.00 V 0.00/0.957

Z 0.16/0335 "- .

X 0.oo/ 1 206

12.60 Y o.oo01 206
Z 0 22/0.422 .. .........

X 0.00/1.519
15.87 V o0oo/1.519

Z 0.25 /0.531

X 000,1.914
20.00 Y 0.00/1 14

Z 0.14/0.670

X 0.00 / 2.411
25.20 Y 0.00 / 2.411

Z 013/0.844

X 0.00/3.038
31.75 Y o00 / 3038

Z 0.10/1.063

X 0.00 / 3827
40.00 000/3 827

Z 0.10/ 1 340

X 000/4.823
50.40 Y 0.00 4.823

Z 0.06 / 1.668

X 0 00/6.076
63.50 Y 000/60/6

Z 0.06/2127
0.1 1.0 RMS/FDPa ratio 10.

17 MAY-94 13.19:04 I - - - 1 7 7 - - -- - -

-20 -10 0 (deciBcls, 10 20

Course: #4 APG
Speed: 10 mph
N te: HHA of PLS truck, passenger (seat)
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USAARL sunmmary of analysis
per ISO-2631* guidelinc on
whole-body vibration (WBV)

1) -MAY- 94 13: 1 04

Sensor .... D-seat
Codrse .... #4 APG
Speed..... 10 mph
Vehicle... PLS truck
Date ...... May 21, 1992
Note ...... HHA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of IJBV exposure
wei 4.ghted RMS accelerations (.,/s2) before reachinq ISO limits*

(given in hours:minutes)
X: Longitudinal

('1z) actual weighted COMFORT FATIGUE HEALIh

63.50 0.0000 0.0000 0:01 0:01 0:01
50.4C C.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:0] 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.000C 0:01 0:01 0:01

Y: Transverse

(jz) actual weig'ated COMFORT FATIGUE HEALTH

63.50 0.0000 0.0300 0:01 0:01 0:01
50.40 C.60000 0.CO00 0::0 0:01 0:01
40.00 0.0000 0.0000 0:0) 0:01 0:0?
31.75 0.0000 0.0000 0:01 0:""l 0:07

5 j 0 0.0000 0.0000 C:01 0:< 0:0.

• Vertical

.:) actual weighted COMFOR'T F? TrC37UP :'E&LTIJ

4.00 0.5600 0.5600 U124 3;33 9:23
0 ; .0) 0.6500 0.4.596 0:38 4 :4 12:11

3 .17 0.4700 0.4164 0:47 5:24 ]3:45
6.35 0.3700 0.2700 2:02 6:26 1C:02
5.04 >'.3600 0.3600 I:0 0 6:41 16:3'7

Inteij at• lal 3St,.o;idards Ci ,..;io. o l•C 263) Coofot t . PtdUc-.d cornLox1t ]lundcik
I " I. ' 1 . I a. v'u. d'crea!-ýd prof icienry bi1ond. ;

}ea Ith . Hialth a.; fi-ifcty eXpo u•Nu1 Ixt, .

7 ýP



HSEL: Hlealth, end saetey e~pnsu'v 'mt X Long-iiilinal RUN-36 D-seatODPD. Fatigue-rtccrsasc.d p:otc'~ency bnurirt' v-I
RCD Reduced comfort boundaryi. erci

RM¶:V~a~nRMSa~eed.nt/2 .VrtilMy2,19 L rc
. xposure: 10h Om RBIFDPB !HSEL

--z .M i .. . ..npBrlUtnS~ innzTký~t~
X 0 00 //0.19 1

1.00 v 0.00 /0.19 1
Z 0.27/0.536

1.26 Y 0 0

2.6 002/0.47.
x1 '0336019

Y .17 " 010/'0.426

xx 065/:0 37.1

H' .

SV 10 3:

0.00 i30b

6.5 X0.00, 0. (B

6 ' 35 600 0: 60.
I)Q1Y 0.37 /0U957

2 022/10.331.

N''x u00020fO

15.8726 Y o3 on t.21'C

X 0.0019 IS14

7 0.15:0D.k,?

X G0001;0.4tit

)' 0 1 3 01 0 .(4 4

Y "i O,3.038

40.U'J (is) O

/ 0.09 /1 2AO
X 00Go1487V3

503.0 )- 00G 140 &23

X 0.L')f,0 0 76

2i 1c i2. 127

0.1 1.0 HMS/FU)P3 eptic '0

''-20 -10 C (dociBelS) 10 20

Nute: NI4 of PJ.JS truck, driver (seat-)
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USAARL summery o: a.naly-is P-e
oer T.S0-263i) guide].]cŽe on RUN-38 t
whJol e-hoc " V).b~at 2 oX, ....... .

1 . R U N - 3,.: ' 8 P - s ea:9 : 0

I .'en.~cr ... _' ,, a

I Course.... #4 APG
n r-ý eýn~ph

VehiJ .. PLS truck
Date ...... May 23., 1992
Note ...... HKR of PLS truck, passenger (Peat)

ihird- :,ctave bands with greatest Durati(on c;f WBV E~xpCsurc
weighted RMS accelerations (%m, butorc rc}-,.nq ISO limits*

(given in hours; : minutes)
X;Longitadin• 1

(Hz) act:ual weighted COMFORT FATIGUL H1EALTH

63.50 0.0000 0.0000 0:01 0:01 0:02
50.40 0. 0fYor 0.. OC00 0 :01 0:01 0:02a
40.00 0.0000 0.00CO 0:01 0:01 0:03.

0 .7 0.00C0 0.0000 0:01 b:01 0:01
2 5 . 2 0  0.0000 0.0000 0:01 0:01 0:01

Y: Transver-cs

' (Hz) ict-:c ] weighted COMFORT FATI Glib HjEAL':'H

63.50 C.2O'Y' 0.0000 0:02 0:01 0:01
l 50.40 0.0000 0.60011 0:01 0.C1 0:0.

40.uU C 0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:03.
25 . 20  0.0000 0.0000 0:01 0.01 0:01

KI; Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.2900 0.9122 0:01 1:37 4:46
1.00 0.8300 0..15n 0:48 1:26 13:53
6.35 0.2700 0.270C, 1:49 9:53 23:37
4.00 0.2500 0. -500 2;03 10:57 255:52

30,231.5 2:19 12:07 28:22

* InLrna4t•onal StL~ad3rds Orpiartzat •on 1S( ,63' Com!•uxt ... Reduced comfort boundary

Fat ig'I. Tm-tgu--decrcamed proficiency boundary

}lka!L I, . Health and sateLy Cx|-oouIC lmlt.
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HSEL Health and safe'y trapsure. limit X 1003 ldinal R N3Psa
FDP: F-atip=u decreased p:'oficiency houndary Y Transvers. R 3 P-set

RCý H: |1•Juced (,o-flfr bound.ry V r,

,AS: vzbad,,n RtA.S...,,,,, a o,.ito (nil',I May 21, 1992 PLS truck

Exposure: 10h Om IRCB IFDPB 'HSEL

(Hz) R.MS~r~ I -rP 7777 --- -

X 000/0.191

1.00 Y 0001/o11z 0 e l / 0 5 J 6 ::::...-':. . :- .. ' .... . '::. -:.. -:::':.'''::-

X 0.00i0 191

1.26 y o.oo/o491
2 0.07/0.477

X 000/0191

1.59 Y 0o0'101-S1
7 0.19 i 0.425

X 000/1.1O1
2.00 0.00/ 10191

Z 1 29 / 0.379 ............ :.

X 0..00:.241
2.52 Y 0.00/0241

Z 0.14/0.338

x 0.00/ 0 303

3.17 Y 000/0.303
Z 0.26 /0 .30 1 .... .... ...: ... .......

X 0.00/0.383
4.00 Y o0 / 0.383

Z G. 25 0.26 A .......' .: .......... . -.8 .. :.

X 0.00 I0.482
5.04 Y G00/0482

Z 0.22 /0.26:

X 0 0010.60L;

6.35 V OOO/O-08
2 0 27/0 268 .. :........

N 0.00/.71:0

7.94 00.00/o.7 0
Z 0.17/0.268 " : .....

X 00010257
10.00 Y 00010957

2 0 13 / 0 335

' 000/1 2U6
12.60 V 0.001 206

Z 0.12/0.422

X (/00/1 519

15.87 Y o0oo01 519
Z U Ib 10 531

X 0.00 ! 1 .3.14
20.00 Y 000/1 914

Z C 1510.670

X !..)0 / 2 4
1

1

25.20 Y 000/2411
Z 0 11 /0.844

2 0.00 / 3.038

31.75 0,000038 o03
2 009/1 063

X 00013527
40.00 Y U00/3.827

Z 0 10/1 340

, 0.00 , 4 823
50.40 Y 000 1423

z 0.06 I 1.688

X 000;6.)76
63.50 V" 0OC1/6.076

2 005/2 12i

0.1 1.0 R I,[/FDP13 ritio 10.

17 MAYfl 9t 3 1 O -- 1 ' T-r- 1 ,...:Ti7,- r7 ý :- ,'r
1 

-- 4-T,

-20 -10 0 (deciF el,) 10 20

Cou.r-s : 414 APS
Speed: l muhl
INot 0t : II1IA of P.S truck, passe-nger (sat;
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USAARL summary of analysis
per ISO-2631* guideline on iRUN-38 D-seat
whole-body vibration (WBV)

1I-MAY-94 3 :19: 05

Sensor.... D-seat
Course .... #4 APG
Speed ..... 5 mph
Vehicle... PLS truck
Date ...... May 21, 1992
Note:...... !HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
wightc-l RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 6:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y, Transverse

(Hz) actual weighted. COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 ):01 0:C3 0:01
40.00 C.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:D1 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.3400 0.1475 0:01 1:30 4.31
1.00 0.8700 0.4350 0:42 ):0/' 13:04
3.i7 0.3800 0.3383 1:14 7:18 17:55
4.00 0.2800 0.2800 1:42 9:26 22:37
5.04 0.2300 0.2300 2:20 12:12 28:32

I* ir urriaiatl.a 1 L•tLOv ' dN uryarzI1zA ion I: 2tc 1 -A'J..e d Cý(rnmUI', L uII'iAy

...... Ie caj1" prut ;"i, :}y I-urndary
S" ,.IY expos- .. t
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HSEL He........ti safeiy expo; e ,,ne X" Lo0.gidud~n RUN-38 D-sat
FDPB Fatgue-recreased prof cKency boundary Y. TrransvR3se

RCB: Reduced comtoil hfunlary
JMS: V,brati,on NiG accel.ation o ( ;O2) 7 Vert.CI May 21, 1992 PLS truck

Exposure: 1Oh Om IRCB !FDPB '

- - Z.: . :- d::..:•. " :::.J: :J.. <:I Z:?L L LH::

(HZ) FIMS /FDPE. T..... 1 I JL.

x 000/0 1,11
1.00 v 000 'oo!l

Z 0.87 /0.5"36 .. .... . m..
X 00010.191

1.26 v o.oo0o.191
Z 007/0.,77

x 000/0191 I

1.59 v oooo,10A
Z 0 20/0425 " - '

x 0.00/0191
2.00 000/ 19 1

Z 1 34/ 0 379

X C QI) 0 241
2.52 Y 0.000241

Z 0.18 , 033" '

X 000/0303
3.17 Y 0.00 /0.303

0 .38 / 0.301 ::.'lr-,m

X 0.00/0363

4.00 V 000/0.363
Z 0.28/0 268 .. ........

X 0.00 10.482
5.04 V 0o00102 

_-

2 0.23 /0.268 :- .: . ....

X 0 O0 6ri--8
6.35 Y 000/0608

Z 0.22 /0.26E .... . :. : :-::: .. ...-. .. --..

X 000 C 760
7.94 Y 000/10760

Z 0.1610.263

X 000/0.957
10.00 V 0 00/ 0.9&7

Z 0.11 /0.335

X G-00 / 1.206
12.60 Y 00C) 1•.•6

Z 0.10/0 422

X 000/1 .19

15.87 v 0oG/1.51 .
Z 016/0531

X 000/1 914
20.00 Y C, 0,)/ 1 914

7 0 14/0.670

X 0 ,O / 2.411

25.20 Y 0 00 1 2.41'
Z 0.11 / 0.8 4

X 0.0(1303831.75 Y 000/3033

Z 0.09/1 063

X 0 00 /3 827
40.00 V 000/ 3827

Z 00911 340

X 0.00/4823

50.40 V 0.00.4823
Z 00711 68H

X 000,6076
63.50 Y 000/6 (76

Z 0.0 , 2 121
0.1 1.0 RMS/f-DI'B ratiu 10.

I . . . ... . .J . .. . . . . .• _ .J _ a a J .- J .. . . . -J . .. - I ... . . ..I .. - . i _ , - _ J
17 MAY u4 15.19 0.5 -T ---I-' -- -- -• • I I"r- ' " ', • ' 1t " - 1 T+ -.... -I-- I - • I I I - -,--I

-20 -10 0 (duciP.'ls) 10 20

Course : 14 APG
Speed: b mpih
Note: HIIA 0L PLS truck, driver (ueat.)
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USAARL summary of analysis
per iSO-2632* guideline on RUN-40 P-seat
whole-body vibration (WBV)

"I -• Y•Y 94 13 .19 :0 6

Sensor .... P-seat
Course .... #4 APG
Speed ..... 8 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... I..A of PLS truck, pausenger (seat)

Third-oct.ve bands with greatest Durations of WBV exposure
weighted P1S accelerations (mis 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(:z) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.9000 0.0000 0:01 0:01 0:01
31.75 0.0000 0. 0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

X1: Transverse

(Hz) actual weighted CCMFORT FATIGUE HEALTH

63.50 C.0000 0.0000 0:01 0:01 0:02-
50,40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 .'.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:0 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.8500 1.3081 0:01 0:48 2:46
4.00 0.4800 0.4800 0:34 4:26 11:30
3.17 0.4500 0.4006 0:51 5:46 14:30
6.35 0.2800 0.2800 1:42 9:26 22:37
1.00 0.5600 0.2800 1:42 9:26 22:37

nllt.ernaL c.naI Stanrdards OJryanlzal1on ISO 263:- Comtfoi- -- educed co. fort btouridary

Fati , - -.. FatiA.uL-deurc3-cd protl.A cvy Lhour;dJ "'y

11ea I t .. 1: fealth and qafe!ty ex posurr, li nit-
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HSEL. Health~ and safety exposrrre kirrr Is. LonrgiturdinalRJ I-40Ps t
FDPB Fatigue.decreased proficrency boundary Y. Transverse IJN -4- -1V

RCB Reducod comlfort boundaly
RMS Vibraton R M.S. acceleration (inr,/12) Z Vertical May 20, 1992 PS truck

Exposure: 1011 Om IRCB rFDPB HSEL

(Hz) RMS/FDP .. -_- s _-•._ _ . s _ .

X 0.00/0.191
1.00 Y 0.0010.191

2 0.56 / 0.536::::. .. :..:::. : : :.: .: :.

X O.0 00.191
1.26 Y 000/0.191

Z 0.015 /0.477

X 0.00/0.191
1.59 Y 000/0.191

Z 0.27 1 0.425

X 00010191
2.00 Y ooo/o.191

2 1.85 /0.379 .i.n.......m....

Y. 000/0241

2.52 Y 0.0010.241
Z 0.24 /0.338 ." ........ . ... ..

X 0 00/ 0.303
3.17 Y 0.OOI0C303

Z 0.45 /0.301 . .... ...... ..: :

X 0 K /0.383
4.09 Y 000/0383

Z 048/0.268 E ..

X 0.00 /0.482
5.04 Y 0.00/0482

2 0.18/0.268 . .. . ...

X 0.00 0 0.608
6.35 Y 0.00/0.608

2 0.28 /0.268 .... ...... I....

X 0.00 / 0.760

7.4 ', v vu.) 10 v bu
Z 0.20 / 0.268

X 000/0957
1 ".00 , 0.00 /0.9 7

Z 0 15/0 335

X 0.00/1 206
12.60 Y 000/1.206

Z 0 16/0422

X 000/11 619
15.87 Y 000/1.1

Z 0.18. 0.531

X 000/1 914
20.00 Y 000/1914

Z 0.14 /0.670

X 0.00/2411
25.20 Y 0.002 o 41

Z 016/0.844

X 0 On/ 3 038

31.75 Y 000/3038
2 010/1063

X 0.00/3.827
4U.O0 Y 000/3•27

Z 007 11 340

X 000/482350.4C" ( 0001 ' 23
Z 0.06 888

Q 0.• 6 076
63.50 . 0.00 6076

013612 '27

O 1 1.0 RMS/FDPB ratio 10.

-20 -10 0 (ducinr'3ls) 10 20

Co:" -'-, =4 A.T

spe>. e rupf
N.; le u-4A 1: -,S truck. passe-nrger- ,
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USAARL summary of analysis
per ISO-2G31* guideline on |RUTN-40 D-seat
whole-body vibration (WBV)

17MLAY 94 13:19-06

Sensor.... D-seat
Course .... #4 APG
Speed..... 8 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ........ HA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before rý.iching ISO limits*

(given lin hours~minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:03. 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.(10 2.1100 1.4920 0:01 0:36 2:15
4.3U 0.3200 0.3200 1.22 7:52 19:13
1.00 0.6100 0.3050 1:29 8:23 20:K2
C.3L' (.2900 0.2900 1:37 9:00 21:40
3.17 0.3100 0.2760 1:45 9:37 23 "0

1 Ltcrnational 5tanda-as Orqari•zo•a ol. IS'- 2631 Corofort . Reduced com'for' '-ounda',

Fatgyuc . - . .a jue-decrcaEatL profi_]ier-, Lx il-ia'i,"

Ieal!h Health and safLt,' QxpoSur 11-11
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HSEL:Health and Safety eXopSUI . in)I. X: tongtudr.al RUN-40 D-seat
FOPB Fatigue derreased proiciency boundfary Y" Transerse

RCB: RodluCcd comfort boundary
RMS: Vibration RM.S. acceleoration (mi2/ Z Vertical May 20, 1992 PLS truck

Exposure: 1Oh Om IRCB IFDPB ;HSEL

(Hz) RS / F 8 W

1.00 Y 000/0.191
Z 0.61 1 0.536. -
X 0.00 1 0191

-1.26 Y 00010.1 91
Z 0.065/0.477

X 0.00/0.191
1.59 Y 0.00/0191

Z 0.31 /1042

X 0.010 191
2.30 y ooo /o.191

Z 2.11 /0.379

x 0.00/0.41

2.52 Y 0 00/o0241
Z 0.22 / 0 .338 .: ...........

X 0.00/0.303
3.17 Y 0.0010303

Z 0.31 /0.301 ...... ..... .. : .. ..

X 0.00/0.383
4.00 Y 00010.383

Z 0.32/ 0.268

IX 0.00/0.482

5.04 Y 0.00/0.482
Z 0.21 /0.268

X 0.00 / 0.608
.35 Y 0 0010.08

Z 0.29/0.268

X 0.00 1 0.742

7.094 Y 0CO ; o0oG
Z 0.231 / 0.268

X 0.00 /0.057
10.0 Y 0 .00 0 0.957

Z 0.19/0.335 . --

X 000,1.206
12.60 Y 0 ./o1.206

Z 0.14 / 0.422

X 0.00/1.519
1b.87 Y 0o00/1.19

7 0.22 /0.531 .. :. :.....

X 0.00,1 914
20.00 Y 00 o/1.914

Z 0.16 / 0.6 7D

X 000/12.411
25.20 Y 000/124.1

z 0 19 /0. 844

X 0.00/ 3.038
31.75 Y C.00 /•T038

Z 0.11:1.0,3

A 0.0013.827
40,00 Y 000/3.827

Z 007/1 340

IC 0 UO/4 92-
50.40 V 000/4,23

Z 0.08/ 688

X 000/6076
63.50 Y 000/16.0

Z 006:2127

0.1 1.0 RMS/FDP13 ratio 10.
I ..J.... ....... J . . .. . . .-. ] . ....

17MAl 94 131906 r • o-r v r F 1 T T"J- T .... 1-

-20 -10 0 (decibeIs) 10 20

Course: #4 APG
Speeod: 3 mph
Note. HHA of PLS t-ruck, driver (sea..)
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USAARL summary of analysis
per ISO-2631* guideline on HR-:43 P-seat
whole-body vibration (WBV)

1-MPAY-94 13 19:08

Sensor .... P-seat
Course .... #4 APG
Speed ..... 13 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... HHA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

4.00 1.?800 1.3800 0:01 0:42 2:32
3.17 1.0400 0.9258 0:01 1:35 4:39
2.00 0.8200 0.5798 0:22 3:20 8:57
5.04 0.5500 0.5500 0:28 3:38 9:37
6.35 0.4300 0.4300 0:44 5:13 13:15

International Standards Organization ISO 2631 Comfnrt -Reduoed comfort boujidazy

Fatyuu ... Fat iguc-decieased proficienriy boundary

Icolth 101 )lenlth and safety exýosure ]ic L
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HSrL: H-ealth' and safety expnsure hintf X Long~tudrnai U -3Psa
FDPB Fatigue-decreased pruficency houndaty Y Transverse

RC" Reduced comfort boundary

RMS; Vibration R.M S. acceleration (in/s2) Z. Vertical May 20, 1992 PLS truck

Exposure: 10h Om RCB IFDPB IHSEL

(Hz) RMS I FPB -. _ J J I.L.-LA T _. 1t --. .-. _- -- --- L-- 1 m T-i- J

X 000/0191
1.00 Y 00010o191

Z 0.32 /0-536

X 0.0010191
1.26 Y 0.00o o .191

Z G.03 /0.477

X 0.00 /0.191
1.59 Y 000/01i91

Z 012/0.425

X 0001/0191
2.00 Y 000 /0.191

Z 0.82 /0 .379 .. ................

X 0.0/ 0.241
2.52 Y 000 /0 241

Z 0.40 /0 338 " ... ...... .

X 0.00 /0.303
3.17 Y 0.00 /0.303

Z 1.04 /0 .301 .. .. .... : :.

X 0.00 / 3e3
4.00 Y 000/0383

7 1.38 /O.26B .. ..8..............

X 0.00 10.482

5.04 Y 0.00 /0.482
Z 0.55 /0.268 -.. ... .. ..

X 000 / 0.608
6.35 Y 000 / 0.68

7 C.
4

3 /Cs 68

x 0 no t0 7bQ

7.94 Y 0 00o0760
Z 0.31 /0.268 :m

X 0.00/0.957
10.00 Y 0.00/ 0.957

Z 0.23 /0.335 .... ..... ... .....

X 0.00 1 1 206

12.60 Y 0.00/1.2062 0 35 /0 .422 ........... ..

x 000/1.519
15.87 Y 000/11519

Z 0 29 :0 531

X 000/11914
20.00 Y C 00 1 1.914

Z 0.14/0.670

x 000/2411
25.20 Y 000/2411

Z 0 18/0844

X 0.00 /3.038
31.75 Y 000/3038

Z 0-11 /1 .063

x O00f3.82/

40.00 Y 0o00/382
Z 008 / 1 340

* X 0.00/4.823
50.40 Y 000/4823

Z 0.09 1 1688

X 000/6.076
63.50 Y 000(6 076

Z 0.07 /1 .127

0.1 1.0 RMS/FDPB ratio 10.

17-MAY-94 13 1908 1 "'-"-r---r-•-c- --- •--r-- " -r-r -1-r - =-r'c--I- -r r ---- -

-20 -10 0 (deciBels) 10 20

Course: #4 AUG
Speed: 13 mph
Note: IIHA of PL53 truck, passenger (seat)
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USAARL sunmnary of analysis
per ISO-263l* guideline on RUN-43 D-seat
whole-body •ibiation (WBV)

17-MAY-94 13 19:08

Sensor .... D-seat
Course. #4 APG
Speed..... 13 mph
Venicle... PLS truck
Date ....... May 20, 1992
Note ...... .HA of PLS truck., driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelerations (m/s 2 ) before reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 010000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 00 :100
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

4.00 1.3700 1.3700 0:01. 0:44 2:34
5.04 1.0000 1.0000 0:01 1:22 4:09
3.17 1.0000 0.8902 0:01 1:40 4:56
6.35 0.6400 0.6400 0:16 2:53 7:50
2.00 0.6900 0.4879 0:33 4:20 11:15

* Intezndtlonal Standards Organll7at.oz, IS) 2631: Comfort ... Reduced comfort boundary

FaLigur --- Fatigje-d(cr-eaecd proficiency boundary

Health ... Health and safety cpo..juie limit

9.)



HSEL: Health and safety exposure tmni X LongitudinalRU -3D ea
FDPR: Faligue-lecreasCd proficiency boundary Y TranrseRU 4
RC.; Reced comfort boundary
RMS: Vibration R.M S accolerst,on ImIs2, Z Vortical May 20. 1992 PLS truck

Exposure: 10h Om IRCB IFDPB IHSEIl

(Hz) , s, / FJDPB ! ,-- W .-- A L L I1 J-'-A'A-i--W -'
X 0.00:0.191

1.00 Y 0.00/0.191
Z 0.33 /0.536 .. .....

X 0.00/0 191
1.26 y 0oco/019 1

Z 0.03 /0477

X 0.00 /0.191

1.59 Y 0.30 /0.191
Z 0.10 i 0.425

X 0.00/0.191
2.00 Y 0.00 /o.ul

Z 0.69 / 0.379

X 0.00 10.241
2.52 Y 0.00/0.241

Z 0. 38 / 0.338 :-:<••i:::iiiiiiiihi<iii:!i<i. .i;

X 0.00 U0.303
3.17 Y 0.00 /0.303

Z 1.00/0.301 :,.........":.' ....: -

X 0.00 / 0 383

4.00 Y 0.00 /o0383
Z 1 37 / 0 .266 ... .. .. .. I.. .. ......

X 0.00 i 0482

5.04 Y o.oo/0.482
Z 1.00 i 0.2.8. :.. . -

X 0.00/0608

6.35 Y o oo00 c008
7 0.64 / 0.268

x G.G . '0.7CG
7.94 Y o.oo /0.76o

L 0.36/0.268 :

X 0.00/0.957
10.00 Y 000 /0.957

Z 0.-9/0.335

X 000/1 206
12.60 V o.oo00 .2o0Z 0.28 ,0.422 ..-...:..... . ,

X 0.00/1.519

15.87 ooo /1 .519
Z 0.31 /0 .531 ..........

X 0ý00 /1.914
20.00 Y 000/1.914

Z 018/0670

X 0.00/2.411

25.20 Y 0-00/2.411
Z 0.19/0.844

X 0.00 /3.038
31.75 V 0.00/3.038

Z 01.2 /1.063

X 000/3 827
40.00 Y o0o / 3.827

Z 0.09 /1.340

X 0.00/ 4 623

50.40 Y 000/4823
Z 0 10 11.688

X (100/6 016
63.50 ( 000o.'07G

Z 0.07/2.127
0.1 1.0 RMS/FDPF3B ratio 10.

17.MAY 94 13 19:08 1 4'--''r l • • - • l - - • ••• •--1 " '-• - -, -- ] T -''- - - - ' --I

-20 -10 0 (decilels) 10 20

Course: #4 APG
Speed: 13 mph
Note: HHA ot PLS truck, driver (seat)
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USAARL sunmary of analysis
per ISO-2G31* guideline on RUN-45 P-seat
whole-body vibration (WBV)

I'l -MAY-94 13 :19:09

I Sensor.... P-seat
Course.... #4 APG
Speed ..... 9 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... .. HA of PLS truck, passenger (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accel.erations (m/s 2) L-fore reaching ISO limits*

(given in hours:minutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:02. 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.00r:0 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0: 02. 0:01
15.20 0.0000 0.0000 0:01 0:01 0:01

Z: Verticaltll
(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.5200 1.0748 0:01 1:123 3:45
3.17 0.6500 0.5786 0:22 3:21. 9:00
4.00 0.5300 0.5300 0:30 3:49 10:07
6.35 0.2400 0.2400 2:12 11:33 27:10
2.52 0.2900 0.2302 2:20 12:11 28.32

* Intcrntaional Staric*3rju Ozg.4rnl zato L1 ISO 2(,31 Corntrt .. .R cduced Qomft It bounJdaZy
Fatiywc . . Fatlgq'c -deck caicd pruf Icic;},_y bouri'Jzy--

lca IL1 .. 1caltihj ard safeLy cxpI)sur;- lin.
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HSELt Heal.th andl e.jeoyot ... x LoxptodnaI RUN-45 P-seat -
FDPB: Fatigue decreas ld roficlenc, boundary Y- Transverse
RCS: Reduced comfort boundary

RMS: Vbration R.M.S. ecceleration 'm/s2) Z Veri,cal May 20, 1992 PLS truck

Exposure: 1Oh Om IRCB IFDPB !HSEL

(Hz) RMS /FDPB j J r A--- -I4-r -- l

X 0.0010191
1.00 Y 000/0.191

Z 0 30/ 0.536 .... ...........

X 0.00/ 0.191
1.26 v ooo/o191

Z 0.03 /0.477

X 0.00/01 91
1.59 v 0.00 1 C. 91

2 0.22 / 0.425

X 000 /0..91
2.00 Y 000 /0;91

Z 1.52 /0.379

X 0.00/0.241
2.52 Y 0.00/0.241

Z 0-29 / 0.338 "

X 0.O /0 303
3.17 Y 0.00 /0.303

Z 0.65 /0.301 X. . ... . ....

X 000/0 383

4.00 Y 0.000 •383
Z 0.53 10. 26. .8r jj••j:. : ': .1.

X 0.00/0482

5.04 Y 000oo/042
Z 019 /0.268

X 0.00/0608

6.35 Y 0000o60h
Z 0.24 /0.268 " " . : ::

X 0.00/0 7G0
^ 0.00 .V 760

Z 022 /0.268

X 0C0/01957
10.00 0o00'0.957

Z 0.22 /0.335..... ..-. ..

X 000/1.206

12.60 Y 000 1•o206
Z 0.18 / 0 422

X 000/1 519

15.87 Y 000 /1519
Z 0 15 /0531

X 000/1.914
20.00 Y Q00/1.914

Z 009 '0 570

X 0.CO /2 411
21.20 0.0012411

Z 0.11 /0.644

X 0.00/3038

31.75 000o/3038
Z 0 13 /1.063

X U 00 3.827
40.00 Y 0.00o,3.8 2 7

Z 0 10 11.340

X 0.00 14.823
50.40 Y 0,0014123

z U0311.688

X 000f6076
63.50 Y 0.om,1 o7

Z 006 12 12 1
0.1 1.0 RM.f/r DPB ratio 10).

17MAY94 13 1909 -1-'--- - -T --- '-- l - -r -- , 1 - r" ' '-, 1 r= -- r-1 - -

-20 -10 0 (dociBls) 10 20

Course: It4 APC
Speed: 9 mph
Note: HIIA of PLS truck, passenger (seat)
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USAA.RL summary o-. .ndlysis
per ISO-2631* guideline on RtTN-4-5 D-seat
whole-body vibration (WBV)

17-MAY-94 13;'9:09

Sensor .... D-seat
Course .... #4 APG
Speed ..... 9 mph
Vehicle... PLS truck
Date ...... May 20, 1992
Note ...... .. KA of PLS truck, driver (seat)

Third-octave bands with greatest Durations of WBV exposure
weighted RMS accelexations (m/s 2 ) before reaching ISO limits*

(given in hours:mirutes)
X: Longitudinal

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 0.0000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:C1 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Y: Transverse

(Hz) actual weighted COMFORT FATIGUE HEALTH

63.50 0.0000 010000 0:01 0:01 0:01
50.40 0.0000 0.0000 0:01 0:01 0:01
40.00 0.0000 0.0000 0:01 0:01 0:01
31.75 0.0000 0.0000 0:01 0:01 0:01
25.20 0.0000 0.0000 0:01 0:01 0:01

Z: Vertical

(Hz) actual weighted COMFORT FATIGUE HEALTH

2.00 1.4300 1.0112 0:01 1:22 4:05
3.17 0.7100 0.6321 0:18 2:56 8:00
4.00 0.6300 0.6300 0:18 2:57 8:00
7.94 0.3100 0.3100 1:25 8:12 20:00
6.35 0.2800 0.2800 1:42 9:26 22:37

" International Standards Organization ISO 2631 Comfort Reduced comfort bnundaly

Fatigue . Fatigue-decreased proficiency boundary

ficalth .Health and safety exposure limit
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HEL: Health and safety expomure 6,,,m X: X Long .udl•al RUN-r5 n_
FDPr: Fatigue-decreased proflicen.y bo'ndAry Y: Transverse

RCS: Reduced comIfo' boindary Veircal
R.MS: Vihrtoon R.M.S. acceleration m/S2 Z. May 20, 1992 PLS truck

Exposure: 10h Om RCB IFDPB IHSEL

(Hz) RM I 
JlPR _j J

x 0.00 1/ 0.1911
1.00 Y 0o0o 019•

Z C.32 /0.536

X 0.00/0.191

1.26 Y 0.00/0191
Z 0.03 /0.477

X 0.00/0.191

1.59 Y0 o00/o191
Z 0.21 /0.425

X 0.00 0.191

2.00 0.001/0191
Z 1.43/0 .379 7

X 000/0.241

2.52 Y 00010O241
Z 0. 30/0.338

X 000/0.303
3.17 Y 0UO/o0.03

Z 0.71 10.301 " " " ..... .

X 0.00/0.383

4.00 Y 000/0.383
Z 0.63 10.268

X 0.0O10482
5.04 Y .oDo/o.482

Z 0.28/0268 : : :.• :- :-

X 0.0010.608

6.35 o o. o/0608
2 0.28/0.268

X 0010/760

97.94 Y 0 orO /nn79n
Z . 31 /0.268 . .... !......?.......

X O.O0 10 957
10.00 Y 0.03/0.957

Z 0.19/0335

X 0.00/1.206

12,60 V 000/1.206
2 C.20 / 0.422

rX 0.00/1.519

15.87 Y o.00/1.519
Z 0 1/0 531

X 00011 914
20.00 V 00 O1.914

Z 009/0.670

X 0.00/2411

25.20 0.00/2.411
Z 0 13 10U044 .i

X 0.00 / 3.038
31.75 Y 0.00/3.038

Z 0.13/1.063

X 000/3.827
40.00 V 0.00/3827

Z 0.09/1.340

X 000/4.823
50.40 V 000/4.823
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